imperial Institute; 
of 

Agricultural Research, Pusa. 









JOURNAL 

OP 

THE CHEMICAL SOCIETY. 


TRANSACTIONS. 


ffammititt of Bnblratbn : 


A. Chastqn Chapman. 

A. W. Cross ley, C.M.G., D.Sc.,F.R.S. 
M. 0. Forster, D.Sc., Ph.D., F.R.S. 
A. Harden, D.Sc., PAD*, F.R.S. 

T. A. Henry, D.Sc, 

T. M. Lowry, O.B.E.,D.Sc., F.R.S. 
J. 0. Philip, D.Sc., Pli.D, 


W. J. Pope, M .A., D.Sc., F.R.S. 

F. L. Pyman, D.Sc., Ph.D. 

A. Scott, M.A., D.Sc., F.R.S. 

G. Senter, D.Sc., Ph.D. 

S. Smiles, D.Sc, 

J. F. Thorpe, O.B.R., D.Sc., Ph.D., 
F.R.S, 


(Bbxter: 

J. 0. Cain, D.Sc., Ph.D. 

SMb- Obiter: 

A. J. Greenaway. 

^ggistmit Suir-®bitar: 

Clarence Smith, D.Sc. 


1917. Yol. CXI. Part II, pp. 589-end 


LONDON; 

GURNEY & JACKSON, 33, PATERNOSTER ROW, E.G 

1917. 



Printed in Great Britain by 
Richaud, Clay & Sons, Limhed, 

BUCNSWIOK ST., RTAMFOKD ST., S,E. I, 
AND hUNCAY SCEtuLK. 



CONTRIBUTIONS TO THE CHEMISTRY 0¥ CARAMEL, TART I, 5811 


L1IL— Contributions to the Chemistry of Caramel. 

Part I. Caramelan . 

By Mart Cunningham and Charles Dgree. 

The action of heat on sugars pioduces a mixture of compounds 
which is usually known as caramel. Caramel products have been 
used for a long time on account of their colouring properties, and 
their manufacture has attained a certain degree of exactness, since 
it is possible to make, at will, colours of varying qualities and 
different degrees of solubility and stability. The knowledge so 
gained is largely empirical, and very little is known of the chemical 
nature of the caramel compounds and of their relations to the 
parent substance and to one another. The absence of investigation 
is accounted for partly by the indefinite position of these sub¬ 
stances among the carbohydrates and partly by the technical diffi¬ 
culties involved. The caramel compounds are very complex, very 
difficult to separate from one another, and are without definite 
melting points or other criteria of purity. They are amorphous, 
yield no crystalline dexivatives, and readily form colloidal solu¬ 
tions. Our present knowledge of caramel from suciose is confined, 
for the most part, to the researches of Gelis (Ann. OJrim. Pluj 
1858 , [iii], 52, 352 ; 1862 , [lii], 65, 496 ), who showed that when 
sucrose is heated to 180 — 190 ° there are formed three products, 
which he named caramelan, caramelen, and carainelin, the order of 
their formation following the order of the vowels. Analysis 
showed that these three products are earbol lydrates formed appa¬ 
rently by successive dehydration and polymerisation, until in 
caramelin a substance of high molecular weight and colloidal char¬ 
acter U reached. Their formation may be represented, for pur¬ 
poses of comparison, by the following equations: 

(i) 6 C 12 H 22 0 a — 12 H 2 0 = 6 G a oH]s ^9 (caramelan). 

(ii) 6CpU, >O u -18 EL>0 = 2C^H 48 0. ?4 (caramelen), 

(iii) 6CAO jr 27H;0«3C sa I 

Practically ltotldng has since been a of 

caramel. For a loaf time past we h&v lllflilllliilM ¥ 

of the process of the formation of cara jAR| •$. 

-apart from its Ighejslah, W< 

pi the constitution of cellulose and Its TMltMMaip~ to" W ; 
hydrates, and especially on the connected problem of the formation 
of humus, peat, and coal in the soil. Cellulose is generally repre- 
sented^by the formula given by Grreen (T., 1906, 89, 811), namely, 
as a complex based on a C 6 H 10 O 5 unit derived from dextrose, the 
vox., cxr. B B 
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units being joined through oxygen atoms (formula I). Tins view 
has received support from the observation of Willstatter (Bcr n 
1913, 46, 2401) that cellulose passes quantitatively into dextrose 
when treated with cold concentrated hydrochloric acid, although 
previous work on the production of codiydroxymethyltafuraldehyde 
(Fenton, T., 1901, 79, 361) from cellulose pointed rather to a 
ketonic structure. 

The little evidence available points to sucrose as the precursor of 
cellulose in the development of plants. The constitution of sucrose, 
is generally represented by Fischer’s formula * (II) (Ber. } 1893, 
26, 2405). Two possible formulae for caramelan, based on it, are 
given (III) and (IV), which explain to some extent our results. 
The analogy to cellulose (I) is seen and the capacity shown by the 
caramelan unit to form more complex molecules can readily be 
explained by the opening up of the butylene oxide linking, union 
taking place between the oxygen atoms. 

HO-CH-CH-CHo-OH 

I >0 

hq-ch-c-ch 2 -oh 

>0 

HOCH-CH 

I >o 

HOCH-CH-CE (OHV-CByOH 

(II.) Fischer’s formula for sucrose. 


HO-Off-CH—CH 2 

) >0 >0 

HO-CH-C-CH 2 

>0 

HOCH-CH 

1 >o 

HO-CH-CH-COCH S 

(III.) 

Possible formula for caramelan, C l2 H ls 0 r 

By chemical and bacterial action in the soil, cellulose is trails- ; 
■ formed into humus. This product/is: generally stated to- consist 
; of (a) humic acid, C 12 H 20 O 6 , soluble in alkali hydroxides and repre* 
cipitated on addition of acids, (b) humin, insoluble in alkaline | 
solutions, requiring fusion with alkalis before solution can be i 
obtained. Very similar humus products are obtained by the 
hydrolysis of carbohydrates by acids and alkalis. Sestini (Ga%$eUa y | 
10, 121, 240, 355) obtained from sucrose (a) soluble sao ; 

* As there is ncf evidence to show that the hexose groupings in sucres© ■■ 
retain their original configuration in caramelan, Haworth and irocent 

formula for sucrose (T., 1918, 109/1319) has not,, for the moment, been 

,. . . '■ ■ " ■ ■ 


HO-CH-CH-CH„ v 

I >o ho 

HO-CH-O— CH/ 

>0 

HO-CH-CH 

I >0 

HO-CH-OH-CHo-CRO 

(IV.) 


o— 

HO-CH-CH-CH-OH 

I >o 

H0'CH-CH-CE 2 


(I.) Cellulose unit group (Green). 
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chulmic acid, O u H 40 O J(i , and (b) insoluble sacchulmiu, C 4 |PL 3 Q rr 
Bottoniley (Block cm. 1915, 9, 960) lias recently staled that 
humic acid and hum in are formed from sucrose by heating it to 
290°, and suggests that in peat bogs the carbohydrates of decaying 
organic matter may pass through changes similar to those observed 
when sucrose is heated to a high temperature, thus, sucrose, cara- 
melan, humic acid, humin, and finally carbonisation (peat, coal). 
Bottoniley also found that artificial humic acid obtained by boiling 
dextrose with hydrochloric acid had a composition very similar 
to the natural humic acid prepared from peat. 

Resume of Previous Work on - Caramel Compounds . 

Gelis (Joe. cit.) showed that sucrose melted at 160° and if kept at 
that temperature changed without loss of weight into dextrose and 
Isevulosan, C 0 II 10 O 5 . 

By raising the temperature to ISO—190° he obtained the three 
carbohydrates, caramelan, caramelen, and caramelin. The propor¬ 
tion hi which each of these was formed varied with the time of 
heating and the consequent loss of weight. A loss of 12 per cent, 
gave mostly caramelan, a loss of 15 per cent, chiefly caramelen, 
and with a loss of 22 per cent, the product consisted almost entirely 
of caramelin. These three compounds were separated by extract¬ 
ing the caramelan with 84 per cent, alcohol, in which caramelen 
and caramelin were insoluble. The caramelen was then removed 
by extraction with cold water, leaving caramelin, which was soluble 
only in 60 per cent, alcohol or hot water. 

Caramelan, prepared in this way, is described as a brown, brittle 
solid of a bitter taste. It softens at 108°, is very deliquescent, and 
very readily soluble in water. The aqueous solution is not precipi¬ 
tated by metallic salts, but silver nitrate and Feliling’s solutions 
are reduced. When treated with an alcoholic solution of lead 
acetate a compound, C l2 H 1(l O a ,PbO, is precipitated, whilst ammonia- 
cal lead acetate gives C l . 2 II lh 0 8 ,2Pb0. Similar preparations were 
obtained with barium. From analysis of the lead and barium 
compounds and of caramelan itself, Gelis assigned to it the formula 
^ 12 ^* 18 ® 9 * 

Caramelen is described as a brown substance much darker in 
colour than caramelan and not deliquescent. It reduces Boiling's 
solution and forms compounds with lead and barium similar to 
those of caramelan. The composition was found to be 

The hot aqueous solution yielded caramelin, which is a colloidal 
substance described by Gelis as existing in three modifications, 
Ay B, and 0, of which A is soluble in cold water, B only in boiling 
, ,^ater, and C insoluble in all ordinary solvents. Caramelin A 

!i , * i B B 2 
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parses into the modification B on evaporating its aqueous solution, 
and can thus be separated from caramelen. All three modifica¬ 
tions give the same compound with barium, and have therefore the 
same composition, namely, C fc; H 102 O 51 . Caramelin reduces Feld high 
solution and is precipitated from solution by almost all metallic 
salts. It is infusible, very difficult to burn, and much darker in 
colour than caramelen or caramelan. 

Graham (Journ. Chew. Soc 1S62, 15, 258) prepared pure cara¬ 
in elin by dialysing an aqueous solution of caramel, when un¬ 
changed sucrose, caramel an, and caramelen parsed through the 
dialyser and caramelin remained behind. 

Caramelin prepared in this way had a similar composition, 
namely, and properties to the caramelin prepared by 

Gelis, It is precipitated from solution by metallic .salts, and if its 
aqueous solution is evaporated in a. vacuum it remains soluble, but 
if evaporation takes place at 100° an insoluble product is formed 
which will dissolve only in alkali hydroxides. 

The molecular weight of 4 caramel ? probably consisting largely 
of caramelin, was determined by Gladstone and Tribe, who found 
the value 1700, corresponding with Gelis's formula. 

In 1899 caramelan was examined by Stolle (Z ditch. lUfbeih 
sucker Industrie , 1899, 49, 800; 1901, 51, 836; 1903, 53, 1149),‘%. 
who prepared it by heating sucrose at 180—190° until there was 
a loss of weight of 12 per cent. He found that no carbon dioxide 
or other products were formed until the temperature rose above 
180°. Caramelan is therefore formed by simple loss of water, and 
by analysis and a molecular weight determination Stolle confirmed 
the molecular formula, C i2 H i8 0<,. On hydrolysis, a hexoso similar 
to dextrose was obtained which could nob be identified. 

In 1906 TriHafc (ZdUcli. Bubenmtcker Industrie, 1906, 56, 95) 
examined the volatile products formed when sucrose is heated. At 
200°, QT—0*3 per cent, of formaldehyde was obtained. At 100°, 
traces^ only were apparent even after twenty-four hours, but at 
150° it was perceptible even in a few minutes. Triilat concluded 
that caramel is really a combination of the polymerised products of 
formaldehyde. 

The work described in the present communication deals chiefly 
with the caramelan from sucrose. Although a study of the action 
of heat on dextrose would seem to be a simpler problem, the pro¬ 
ducts obtained, 1 whilst apparently no less complex, proved very 
much' 1 more difficult to separate than those from sucrose. The 
methods previously' given,;for, the preparation of caramelan have 
been examined- The composition' C 12 H 18 0 9 lias' been confirmed, 
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but many of tlie results obtained point to C« JI 3(J 0 IS as the mole¬ 
cular unit. The presence of four hydroxyl groups in tlie C 13 
formula lias been established by the preparation of esters, of 
which the explosive nitrate is of interest. Compounds with phenyl- 
hydrazine and seniioarbazide have' been prepared, but although 
these point to the presence of a carbonyl grouping, their composi¬ 
tion does not correspond with, that* of a simple derivative of 
(.'^IXjsQf). Analysis shows that dehydration and condensation have 
simultaneously taken place, a characteristic phenomenon observed 
also in all the cases of oxidation which have been studied. On 
hydrolysis with dilute acids, dextrose and methylfurfuraldehyde 
have been obtained and a humus product. The action of concen¬ 
trated acid does not give simple sugars, as with cellulose, but 
results in further dehydration to c-aramelin. 

Experimental. 

The Preparation.’ of Gamin clan. 

Preliminary experiments were undertaken to test the accuracy 
of the statement that sucrose, if heated at 170—180° until there 
is a loss of weight of 12 per cent., loses water only. This state¬ 
ment implies that sucrose passes quantitatively into earamelan 
according to the equation: 

Ci 3 H aa O ll *Ci a H te O 0 + 211,0, 

which requires a loss of weight of 10*5 per cent, (the figure 11*77 
given, by Stolle being calculated, on the weight of earamelan instead 
of on that of sucrose). The experiment described below shows that 
with a loss in weight of 10 per cent, and even at 108° other pro¬ 
ducts, besides water, are formed. A weighed quantity of sucrose 
was treated in a boiling tube attached to a wash-bottle containing 
12 per cent, hydrochloric acid to dissolve any furfuraldehyde 
formed. At 168° (thermometer placed in the sugar) oily drops 
began to distil over which dissolved in the acid. The heating was 
continued at this temperature for two and a-half hours. On testing 
the hydrochloric acid solution with phloroglucino], a black precipi¬ 
tate was obtained showing the presence of furfuraldehyde. Pun¬ 
gent acid vapours and carbon dioxide were also evolved. The loss 
of weight was 10 per cent., and this cannot all be due to loss of 
water. It was found, however, that if sucrose is heated, at 
170—180° until the loss of weight is 12 per cent,, practically pure 
earamelan free from, sucrose and higher caramel products was 
obtained. This was the method of preparation finally adopted, 
300 grams of sucrose requiring about four hours* heating. 

Considerable quantities of earamelan were also prepared accord-' 
mg to Gelis’s method, which is more tedious to carry out than the 
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one described above', although the time of heating is greatly 
reduced owing to the higher temperature employed. The details 
are as follows: 

Three hundred grams of sucrose were heated in a porcelain 
beaker at 180—190° and stirred continually with the thermometer. 
After two' hours, the loss of weight was 12 per cent. The contents 
of the beaker were dissolved in water, the solution filtered, and the 
filtrate evaporated to a syrup, which was dried at 100° and finely 
powdered. The powder was treated with boiling 84 per cent, 
alcohol and filtered hot, the filtrate being evaporated on the water- 
bath and finally dried at 120°. 

Caramelan, prepared in these ways, is a brown, gritty powder, 
very hygroscopic, hut not viscid unless damp. When quite dry, its 
melting point is 136°, but if at all moist it begins to soften at 
100°, It is very readily soluble in water, fairly so in 84 per cent, 
alcohol, pyridine, methyl alcohol, or hot glacial acetic acid; 
insoluble in ether, alcohol, or benzene. It reduces silver nitrate 
and Fehling’s solution. A concentrated aqueous solution acidified 
with hydrochloric acid gives a red precipitate on the addition of 
resorcinol, which is soluble* in alcohol or alkalis. Phloroglucinol 
gives a similar precipitate, but of a deeper colour. 

In order to prepare a pure sample of caramelan for analysis, 
attempts were made to precipitate it from aqueous solution by 
means of alcohol. The substance, however, separated as a syrup 
which could not be collected, but it was found that if the solution 
contained acetic acid or ammonia, a ffocculent precipitate was 
obtained which settled well and could be collected and washed with 
alcohol. After drying, it formed a buff-coloured powder much 
paler in colour than crude caramelan: 

0*0993 gave 0*1707 C0 3 and 0*0567 H,0, 0 = 46*9; 11 = 6*3, 
C ;l2 H ]S O 0 requires 0 = 47*1; IT = 5*9 per cent. 

Stolle found 0 = 46*2; 11 = 6*4 per cent. 

Molecular-weight determinations of caramelan and some of its 
derivatives -were also carried out. These will be discussed later. 

The Esters of Caramelan . 

The formula C 12 H 18 0 9 indicates that the eight hydroxyl groups 
in sucrose have been reduced to four in caramelan. This was veri¬ 
fied by the preparation of the following esters: 

Caramelan Tetra-acetate, C 12 H 14 0 9 (CTI.yCO) 4 .—A mixture of 
20, grams of caramelan, 40 grams of fused sodium acetate, and 
60 grams^of acetic anhydride -was boiled for, two hours under a 
reflux condenser. The , contents of ■ the, flask became very dark- 
" 'coloured. , On pouring into water a voluminous, brown precipitate 
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formed, which was washed several times by decantation. It was 
dissolved in hot alcohol and precipitated by the addition of salt 
solution. After washing and drying in a vacuum, the acetate 
formed a yellow powder insoluble in water or ether, but soluble in 
benzene, hot alcohol, or glacial acetic acid. On heating, it shrinks 
at 96° and melts at 107°. It reduces silver nitrate and Fehling’s 
solution. (Found, C = 51*0; H = 5'8. C 20 H 2(i O 13 requires C = 50*8; 
II = 5*5 per cent.) 

Stolle (Jog. eit.) obtained this compound in 1899, and his descrip¬ 
tion agrees, with slight exception, with that of the above prepara¬ 
tion. 

Caramelan Teirabenzoate, C 12 H 14 0 9 (C ti H 5 # C0) 4 .—Five grams of 
caramelan dissolved in 30 c.c. of dry pyridine were mixed with 
10 grams of benzoyl chloride diluted with the same solvent. After 
remaining for twelve hours, the mixture was poured into water, 
when a tarry precipitate formed which was dissolved in acetone and 
precipitated by salt solution. The precipitate was washed with 
water and dried in a vacuum. The benzoate formed a pale btiff- 
coloured powder melting at 105—108°, soluble in acetone, chloro¬ 
form, alcohol, or benzene, and insoluble in water, ether, or light 
petroleum: 

0*1497 gave 0*3630 C0 2 and 0*0661 BbO. C = 66T; H = 4*9. 

C 40 TL> 4 O 33 requires C = 66*5; 11 = 4*7 per cent. 

Caramelan Tetramiraie, , CjgH^Oj^NO*)^—Five grams of cara¬ 
melan, cooled in ice, were treated-with 50 c.c. of fuming nitric acid, 
in which it dissolved quite readily, and 25 c.c. of concentrated 
sulphuric acid were gradually added. A solid clot formed, which 
was washed with ice-water by decantation after the bulk of the 
acid had been poured off. When dried, the product was dissolved 
in hot alcohol, from which it separated on cooling. The nitrate 
forms a yellow powder which inflames violently on warming, 
resembling nitrocellulose in this respect. It is very readily soluble 
in ether, alcohol, or benzene-, but insoluble in water. The nitrate 
decomposes so easily on warming that it was impossible to analyse 
it by the ordinary method. The nitrogen content was therefore 
estimated by the nitrometer: 

0*1163 gave 21*4 c.c. NO at 14° and 758 mm. N = 11‘0. 

C 12 H 14 0 37 N 4 requires N = 1X*5 per cent. ,, 

The Molecular Weights of Caramelan and its Esters . 

Stolle, as the result of a single determination in aqueous solu¬ 
tion, obtained a value for the molecular weight of caramelan corre¬ 
sponding with the formula C 12 H I8 0 9 . The following experiments 
do not confirm this. , . * ; 
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(a) Caramelau. Solvent, water. C 12 U ls O n requires M.W. = 306. 


Concentration 

Weight 

Depression 


of 

of 

of the 


solution. 

substance 

freezing 

Molecular 

per cent. 

taken. 

point. 

weight. 

0-8 

0*2477 

0-039° 

385 

2-9 

0*8657 

0-103° 

509 

3*3 

0*8959 

0*113° 

539 

4*1 

1*2345 

0*138° 

54G 


(b) Carame-lan tetra-acetate, C. 2(l H 2(; 0 J8 requires M.W. = 474. 

(i) 0*475 in 31 benzene gave A/ = -|- 0‘041°. M.W. = 972. 

(ii) 08365 in 31 benzene gave A2=-1*0*072°. M.W. =-972. 

(V) Caramelau tet-ra,benzoate, C, !0 1T) 4 O k5 , requires M.W. = 722. 

(i) 0*3135 in 41*8 ethylene dibromide gave A—0*042°. 
M.W.=2107. 

(ii) 0*7439 in 41*8 ethylene dibromide gave —0*0.87°. 

M.W. = 2414. " '*'> 

The results indicate, in the case of caramelau and. its acetate, a 
molecular weight of twice that corresponding with the formula 
C|. 2 H 1g O<). They may be explained by the well known association 
phenomena shown by polyhydroxy-compounds in the limited range 
of solvents available, and the fact that the benzoate gives a value 
three times that of the simple formula may be held to support this 
view. Several observations described below, however, are host 
explained on the assumption of the double formula, and, although 
it is not possible to decide definitely, a review of the evidence 4 : as a, 
whole points to the formula Uo. t H ;ili O lS as the correct one. 

The A Irlehydic or K('tonic Character o f Cara melon. 

Caramelau, besides reducing silver nitrate and Fell ling’s solu¬ 
tion, gives red precipitates with resorcinol and phloroglueiuol. The 
reaction with these phenols is generally described as characteristic 
of ketoses, and points to the presence of a ketonic group in cara- 
melan -which should give the usual derivatives. Caramelau, when 
warmed with phenylhydrazine, gives’ an insoluble compound which 
readily forms colloidal solutions, but although a number of pre¬ 
parations' were made, under varying'Conditions, none of them had 
the composition of a simple hydrazone. 

Analysis of' all the derivatives showed that polymerisation to a 
C 24 molecule had taken place, together with a varying loss of water. 
An obvious way to avoid this dehydration would be to work with 
one of the esters, but although the acetate, when treated with 
phenylhydrazine, yields an insoluble compound, this has not yet 
been obtained sufficiently pure for analysis owing to the difficulty 
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of separating tlie liydrazon© from unchanged acetate, since both 
are soluble in the same solvents. 

(I) Reaction, with Phenylliydrazine in the Presence of Acetic 
Add .—Five grams of caramel an were dissolved in water and 
4 grams of phenylliydrazine in acetic acid solution added, together 
with 2 grams of sodium acetate. The mixture was warmed on the 
water-bath and after twenty minutes a precipitate began to form. 
The precipitate settled well after the addition of brine and was 
washed with water containing acetic acid. After being dried, it 
formed a dark red, infusible powder, sparingly soluble in alcohol 
or pyridine, A .second preparation was made, using only half the 
quantity of phenylliydrazine. Analysis of these two derivatives 
gave the following results: 

(i) 0-0996 gave 0-1972 C0 2 and 0*0494 H,0. C = 54*2; H = 5*5. 

0*1407 „ 4*1 c.c. No (moist) at 13° and '770 rum, N = 3*5. 

(ii) 0*1035 „ 0-2071 CO, and 0*0544 H 2 0. C = 54'6; H = 5*8. 

0*2440 „ 7*4 c.c. N 2 (moist) at 23° and 770 mm. N = 3*8. 

C 30 H ;j 8 O 15 N 2 requires C = 54*l; H = 5*7; N = 4*2 per cent. 

A. compound, C 3(J H 3S 0 3 ,-N 2 , would be formed from caramelan 
according to the equation: 

2C 12 H J8 O 0 + C u H 5 -NH-NH, = C 3u H ys 0 15 N 2 + 3H 2 0. 

II. Reaction with Phenylhjdraziue in the Presence of Sulphuric 
A cid. —The reaction with phenylliydrazine was next carried out 
in. the presence of sulphuric acid to confirm, if possible, our first 
impression that the low value found for nitrogen indicated, not 
the formation of a hydrazone, but a condensation similar to the 
carbazole reaction, ammonia being eliminated (Donee, T., 1909, 95, 
653). The compound obtained was similar to that described above, 
* but on analysis ; 

0*1159 gave 0*2666 CO a and 0*0501 H 2 0. 0 = 62*7; H = 4*8. 

0*4070 „ 18*6 c.c. No (moist) at 15° and.758 mm. N = 5’3. 

Ch 0 H 2S O 10 N 3 requires C = 62*4; 11 = 4*8; N = 4*9 per cent. 

After solution in pyridine and fractional precipitation by alcohol 
the nitrogen content remained unaltered: 

0*2055 gave 9*4 c.c. N 2 (moist) at 18° and 770 mm. N = 5*3. 

The substance would thus appear to- be a definite compound. It 
may be formed from caramelan according to the equation; 

2C 12 H 38 0 9 + C 0 H 5 -NH*NH 2 = W* + 8H s O. 

This , indicates that two molecules of caramelan, ■ under the 
stronger condensing action of the sulphuric' acid, have lost 'seven 
molecules of water while reacting with phenylhydrazine.,, A ; similar 

/ B' R* 



598 CMNINGHAM AND BOREE : CONTRIBUTIONS TO THE 

proportionate loss is found in tlie condensation of caramelan to 
humic acid, (see below): 

2C 12 H 18 O 0 = C 24 H 22 O n + 7H 2 0. 

(Ill) Reaction with Semicarhazide,* —Ten grains of caramelan 
and 10 grains of sodium acetate were each dissolved in 10—15 c.c. 
of water, the solutions mixed together, and 6 grams of semicarbazide 
hydrochloride in 5 c.c. of water added. After warming* at 60° 
for half an hour, the mixture was allowed to remain for twenty-four 
hours. On pouring into salt solution a brown precipitate appeared, 
which was dried, washed free from salt with diluted alcohol, and 
purified by solution in pyridine and reprecipitation by alcohol: 

0*1034 gave 0*1986 C0 2 and 0*0507 TI 2 0. 0 = 52*4; 11 = 5*4. 

0*2357 „ 1T0 c.c. No (moist) at 12° and 752 mm. N = 5*5. 

0 S7 H 4a 0 2 oN 3 requires 0 = 52*4; H = 5*l; N = 5*5 per cent. 

No explanation of the result can be offered, except that a com¬ 
pound of this composition might be formed thus: 

3C 12 H 18 0 9 + NHg-NH-CO-NHg = C a7 TI 43 O 20 N 3 + 8H a O. 

The Action of A dels on Caramelan (3 per cent , Sulphuric A. cid, 
12 per cent . Hydrochloric A aid, and 40 per cent. Hydrochloric 
A, cid). 

Caramelan being thus recognised as an anhydro-derivative of 
sucrose, it was important to ascertain whether, under the action of 
acids, it became hydrolysed to simpler carbohydrates. The results 
show that with dilute sulphuric acid, caramelan does yield some 
dextrose, together with methylfurfuraldehyde and a humic acid. 

(i) Three per Cent. Sulphuric Acid.—-One hundred grams of 
caramelan were warmed on the water-bath for eighteen hours with 
1 litre of 3 per cent, sulphuric acid. The solution, which was dark 
and opaque, showed little change in colour as the heating continued. 
A dark brown substance separated,'which after washing with water 
and drying weighed 14 grams (product A). It resembled the humic 
acid obtained by Conrad and Gutzeit (JBer. 9 1885, 18, 443) and 
others from carbohydrates. The filtrate from this was examined 
as described below (filtrate B). 

The insoluble product A was a brown powder insoluble in all 
solvents. It had no reducing properties. When treated with 
dilute alkali hydroxides it formed a red solution, which after 
neutralisation gave insoluble lead and' barium salts; 

(i) 0*1116 gave 0*2417 C0 2 and 0*0510 H 2 G. C = 59*l; H = 5*0. 

(ii) 0*1290 „ 0*2784 C0 2 „ 0*0557 H 2 0. C = 58*9; &=4*8. 

C 24 H 22 O n requires C = 59*3; H = 4*5 per cent. 
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Tills compound could be. formed from caramelan according to the 
equation: 

20 12 H 18 0 9 - C 24 H 22 O n + THoO. 

By 'boiling dextrose with 7 to 12 per cent, liyclrocliloric acid, 
Bottomley (.Biochem. J\, 1915, 9, 260) obtained an artificial humic 
acid of the composition 0 = 60*74; 11 = 5*13 per cent. He also 
found that the natural humic acid obtained from peat after purifi¬ 
cation rntli alcohol gave C= 60*37; 11 = 5*39. The product pre¬ 
pared from caramelan is, therefore, very similar in composition to 
both the artificial and natural humic acid. In order to characterise 
this substance still further, advantage was taken of an observation 
subsequently made (p. 604) that 7 per cent, nitric acid has both 
an oxidising and nitrating action on many of these complex carbo¬ 
hydrates, and that, in the case of caramelan it yields a compound, 
The composition of this substance suggested that it 
might be a derivative of a previously formed humic acid, 
C 24 H 22 O n , which, therefore, if similarly treated, should yield the 
same compound. This hypothesis was confirmed by the following 
experiment. Five grams of the humic acid were warmed on the 
water-bath for thirty minutes with 7 per cent, nitric acid, when the 
colour changed from dark brown to bright red. Carbon dioxide 
and nitrous fumes were evolved, and if the heating was continued 
too long the red compound began to pass into solution. When 
dried, it formed an infusible, red powder, soluble only in alkali 
hydroxides to a red solution. Insoluble lead and barium salts could 
be prepared from this solution. The substance reduced silver 
nitrate and Feliling’s solution, and when warmed with zinc dust 
and potassium hydroxide evolved ammonia. These reactions indi¬ 
cate that the compound is a nitrated derivative of the humic acid, 
C 24 H 22 0 31 : 

0*1332 gave 0*2522 C0 2 and 0*0488 IHO. 0 = 51*6; H = 4*L 

0*5739 „ 13*6 c.c. ]sf 2 (moist) at 13° and 760 mm. 11 = 2*8. 

C 22 H 2; Pi 4 N requires C = 51*4; H = 4*3; H = 2*6 per cent. 

This nitrated compound may be regarded as derived from the 
humic acid, Co 4 H 22 O u : 

C^H^On + HN0 3 + O s = C 2S H 23 0 34 N + OO s . 

The initial action of dilute nitric acid therefore closely resembles 
that of hydrochloric and sulphuric acids in that it produces humic 
acid. 

Examination of the Soluble Products of IIydroit/sis. —The 
filtrate B from the insoluble humic acid was neutralised with lead 
carbonate, the lead precipitated with hydrogen sulphide, and the 
filtrate several times extracted with ether. The aqueous residue 
from the ethereal extract was concentrated by distillation under 

' 0 ^ 2 ' 
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diminished pressure and left a. syrup which, .after treatment with 
animal charcoal, became very nearly colourless. This syrup had 
previously been obtained and examined by Stolle (Zeitsch. Ruben - 
zucker Industrie. , 1903, 53, 1149), who, after working up 600 grains 
of caramelan, isolated a small quantity of a crystalline sugar from 
it. In its optical rotation and melting point (93°) it resembled 
dextrose, but its osazone, although having the- composition of a 
hexose osazone, melted at 197° instead of 206—207° as required for 
glucosazone (Fischer). By oxidation with dilute nitric acid, ^-tar¬ 
taric acid was obtained. With these differences, Stolle considers it 
doubtful whether the sugar formed from caranielan is really dex¬ 
trose. In the present case the sugar did not crystallise in a reason¬ 
able time. Its solution gave all the qualitative tests described for 
dextrose identically with those given by a specimen of pure dex¬ 
trose. It readily gave, an osazone after warming for half an hour 
with phenylhydrazine acetate. This was carefully purified by 
crystallisation from dilute pyridine, and melted at 206-207° 
very sharply. Its microcrystalline appearance, was identical with 
that of glucosazone, and it formed mixed crystals without any 
alteration of form. When mixed with a specimen of glucosazone 
melting at 206°, the melting point remained unchanged. The 
syrup, on oxidation with nitric acid (I) T15), gave saccharic acid, 
which was isolated as the potassium hydrogen salt. (Found, 
K = 15*2. KHC ( .H s O s requires K=15*7 per cent.) 

These observations taken together make it almost certain that 
the sugar formed by the hydrolysis of caramelan is dextrose. 

The ethereal extract was acid. On extraction with dilute alkali 
a dark red solution was obtained which gave a hydrazone and a 
silver salt, but neither of these could be identified as a derivative 
of lamilic acid. Stolle recognised the presence of this acid, how¬ 
ever, by means of the- calcium salt. The ether remaining left a 
yellow oil which showed all the reactions of methyl fur fur aldehyde 
described in a previous paper (Cunningham and Doree, Mochem. 
1914, 8, 438)* It gave a red, and not a black, precipitate with 
phloroglucinol, soluble in alcohol, and a yellow colour with aniline 
in alcohol, in these respects differing from furfuraldehyde* It also 
formed a yellow precipitate with barbituric acid (distinction from 
<o-hydroxymethylfurfuraldehyde). The presence of methylfurfnr- 
aldehyde is thus indicated. 

(ii) Twelve per'Gent. Hydrochloric Acid .~~Caramelan was treated 
with acid of this strength and the distillation carried out according 
to the Krober method for the estimation of'furfuraldehyde (J. 
: ; ^ahd'«v,/i9(}lp49, 7). 'The distillates gave black precipitates with 
phloroglucinol, insoluble in alcohol, indicating that furfuraldehyde 
1 ,alone was present (Ellett and Tollens, J. Landw., I90f>> 53, 8). ;' 
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(a) 5*44 Caramelan gave. 0*0615 furfnraldehyde phloroglucide 
Furfnraldehyde = 0*40 per cent. 

(b) 4*18 Caramelan gave 0*0390 furfuraldehyde-phloroglucide. 
Furfuraldeliyde™0*45 per cent. 

Previous experiments had shown that such carbohydrates as 
dextrose, he villose, starch, and cellulose give constantly about 
0*2 per cent, of furfuraldehyde and 1—1*5 per cent, of co-kydroxy- 
methylfuiffur aldehyde. The above observations show that the 
latter substance is not formed by caramelan under the conditions 
employed, and this difference again suggests modifications of the 
parent sugar during the formation of caramel. 

A very considerable black residue remained in the flask after 
these distillations, and as similar products have been obtained 
previously from sugars, cellulose, and lignocellulose, it was, for 
comparison, characterised by the method lised in these cases (Cross, 
Ghem. News, 1881, 44, 185). The residue was washed until free 
from acid, and when dry formed a brown powder. This was 
moistened with water and treated with potassium chlorate and 
hydrochloric acid, when it immediately turned yellow. The yellow 
compound was collected, washed, and dried. It dissolved entirely 
in alkali hydroxides, and was reprecipitated on the addition of 
acid. Analysis showed that it contained chlorine: 

■ 0*0993 gave 0*1475 C0 2 and 0*0334 EUO. 0=40*5; 11 = 3*7. 

0*1005 „ 0*0602 AgCl. 01 = 14*83. 

. C 24 II 20 O ls Cl 3 requires C = 4G*5; IT = 4*0; 01 = 14*98 per cent. 

The compound is therefore probably a chlorinated derivative of 
a humic acid, and its composition is of the same order as those of 
the chlorinated humus substances previously obtained. Thus 
Cross (this Journ,, 1880, SB, 668; T., 1882, 41, 94) prepared from 
jute a compound, C 20 H jG O 10 C! 4 , and from esparto pulp a product, 
Co 4 TT tG O 20 Cl 8 , whilst from cellulose a compound, C 2 2 H 10 O 33 Cl 10 , was 
obtained (Gostiing, T., 1903, 83, 190; Sestini, Gazzetta , 1882, 12, 
292). All these substances differ from the derivative prepared 
from caramelan in that they represent more highly dehydrated 
compounds. The composition C 24 H 2 90 lfe Cl 3 does, however, suggest 
a chlorinated derivative of the humic acid, which we 

obtained on hydrolysis with 3 per cent, sulphuric acid (p. 598). 

The results therefore obtained on oxidation with nitric acid and 
with chlorine indicate that the humic acid, is a constant 

product of the action of acids on caramelan. 

(iii) Forty per Gent . Hydrochloric A.cid, —Cellulose when treated 
with this reagent for a short time dissolves, 'and is 'stated to be 
converted quantitatively into dextrose (Willst&tter, jo'c. 
Sucrose, again, gives high yields of o>~chloromethylfurful*aldeliyde 
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(Fischer, Bcr., 1914, 47, 973), this substance being produced 
entirely from the laevulose formed in the initial hydrolysis. It 
was thought therefore not unlikely that caramelan would yield 
one or other of these substances, but quite contrary results were 
obtained. 

Five grams of caramelan were shaken with 50 c.c. of acid of 
D .1*2. The caramelan did not dissolve, but darkened, and, on 
keeping, the mixture set to a stiff, black, homogeneous jelly which 
filled the whole liquid space. The black substance was broken 
into small pieces and washed with water until free from acid. 
After drying at 100° it was insoluble in alkali hydroxides and 
resembled caramel in in appearance. It was not fusible: 

0*1226 gave 0*2496 C0 2 and 0*0546 H 2 0. 0=55*5; 11 = 5*0. 

C 2 4H 26 G 13 requires 0=55*2; IT = 5*0 per cent. 

Caramelan is thus converted into a product having the appear¬ 
ance, composition, and general properties of caramelin (see p. 591). 
The action of 40 per cent, hydrochloric acid is therefore not one 
of hydrolysis, as with cellulose and sucrose, but of dehydration, 
and may be compared with the action of concentrated sulphuric 
acid on sucrose. 

The following scheme contains a summary of the various actions 
of acids on caramelan described above : 


Caramelan . 


+ 

HOI 3% 


dextrose 

raethylfurfur- 

aldehyde 


HOT 12% 


+ 

HNO a 7% 


humic acid 


furfu r al dehy< le ^ 
- chi oro- 
derivative 


Y 


o 24 h 5 /) 1 s oi 8 


nitro-derivative ■ 

c, 4 h 2S () 14 n 


T 

HC1 10% 


Y 

Cammed in 


A cetolym of Caramelan * 

The use of a reagent consisting of acetic anhydride in the 
presence of a strong acid has proved of great value in the examina¬ 
tion of complex carbohydrates (Skraup, Monatsh., 1901, 22, 
1011). Resolution by the acid and acetylation of the products 
takes place simultaneously, the simple derived product being 
isolated’ as an acetyl derivative* Cellulose, for example, 
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ultimately gives cellobiose octa-aeetate; starch with acetic 
anhydride saturated with hydrochloric acid gives a cMoroaeetyl 
erythrodextrin, and cellulose a hepta-acetyl chlorocellose (Skraup, 
ibid., 1905, 26, 1415). Born and Nelson (,/, Amer. Ghem . Soc., 
1915, 54, 1763) have shown that acetolysis sometimes stops at 
a monosaccharide and sometimes at a disaccharide, and consider 
that this is due to the nature of the oxygen linkings connecting 
the monosaccharide residues. Thus, whilst sucrose gives aceto- 
bromoglucose, maltose under the same conditions gives aceto* 
bromoinaltose. 

CarameJan, therefore, might be expected to give either a monose 
or a biose, but the results., obtained were quite different. Ten 
grams of dry caramelan were treated with 55 grams of a reagent 
made by saturating acetic anhydride with dry hydrochloric acid 
at —8°. The mixture, after remaining for ten days at the 
ordinary temperature, was poured into water, and gave a dark 
brown, friable solid. This was extracted with benzene, and the 
filtrate, on cooling, deposited almost white flocks. These were 
purified by solution in alcohol, and obtained as an almost white 
powder melting at 107°. In melting point and solubility this 
substance agrees with caramelan tetra-acetate, the identity with 
which was confirmed by analysis: 

0*1010 gave 0*1877 C0 2 and 0*0509 H 2 0. C = 50*7; H = 5*6. 

C 2 oH 2 e0 3 3 requires 0=50*6; H = 5*5 per cent. 

The portion insoluble in benzene was left as a black solid, partly 
soluble in acetone or alcohol. It closely resembled the dehydrated, 
humus-like products previously described, and on treatment with 
dilute nitric acid gave a similar red nitro-eompound. 

The effect of acetolysis under these conditions is thus partly to 
dehydrate and partly to aeetylate the caramelan molecule. 

The Action of Oxidising A gents on Caramelan . 

Although sensitive to most oxidising agenis, caramelan was not 
found to be resolved into simpler substances which would throw- 
light on its constitution. Potassium permanganate or chromic 
acid under various conditions gave complex colloidal acid pro¬ 
ducts, soluble only in water, which could not be purified. The 
action of dilute nitric acid gave unusual results. The actions of 
bromine water and of ozone have also been investigated. 

(1) Dilute Nitric Acid .-—One hundred grams of caramelan were 
warmed on the water-bath, with 400 c.c. of 7 per cent, nitric acid. 
The solution, which at first was dark red and opaque, after about 
thirty minutes became transparent and of a light red colour. 
Considerable evolution of carbon dioxide and nitrous fumes took 
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place, and a red, insoluble substance, (7, separated which was 
identical in all its properties with those of the product obtained 
from the humic acid previously described (p. 599). 

Analyses were made (i) of the original substance and (ii) of the 
precipitate obtained by acidifying its alkaline solution : 

(i) 0*01216 gave 0*2296 C0 2 and 0*0518 H 2 0. 0 = 51*3; 11 = 4*7. 

0*3722 ,, 9*5 e.c. N 2 (moist) at 15° and 758 mm. N = 2*9. 

(ii) 0*1882 gave 0*3544 C 0 2 and 0*0842 H s O. 0 = 51*3; 11 = 4*4. 

0*1450 „ 3*4 c.c. No "(moist) at 16° and 763 mm. N = 2*7. 

C 23 H 03 O 14 N requires 0 = 51*4; H = 4*3; N = 2*6 per cent. 

The substance is therefore not changed by solution in alkali, 
and its composition suggests that nitric acid, besides oxidising 
caramelan, lias also a nitrating and a dehydrating action. A com¬ 
pound, e 23 H 2 S 0 14 N, would be the nitre-derivative of an acid, 
C 23 H 24 0 12 (see p. 606). It is probably similar to the yellow acid 
products obtained by treating coal with nitric acid (Chem. News, 
1881, 44, 185). 


Examination of the Soluble Products—Filtrate D. 

The filtrate from the insoluble compound G was evaporated 
with water until free from nitric acid. A syrup remained entirely 
soluble in alcohol, and therefore free from unchanged caramel an. 
It could not he obtained solid even after long drying in a vacuum. 
The aqueous solution was strongly acid, reduced silver nitrate and 
Fehling’s solution, and reacted with pheuylhydrazine, indicating 
the presence of a ketonic acid. The syrup was dissolved in wafer, 
and (a) one-half of the solution was neutralised with calcium 
carbonate and (b) the other half treated with phenylhydramio, 
which gave an insoluble derivative. 

(a) The calcium salt of the acid was very readily soluble in water. 
Alcohol was added to the solution, when a colloidal precipitate 
was obtained. This was washed with alcohol and dried in a 
vacuum. It formed a pale brown powder which apparently con¬ 
tained water of crystallisation, but this could not be estimated, 
since even on warming at 60° the salt decomposed: 

0*1080 gave 0*1172 C0 2 and 04)454 H 2 G. C=29*5; H=4*7. 

0*1676 ,, 4*1 c.c. No (moist) at 17° and 758 mm. N = 2*9. 

0*2206 „ 0*0,294 OaO, Ca=9*5. " 

CiiHuOioNOa^O required. 'C = 29*4>. K=5*l; N = 3*2; Ca = 8*9 

per cent. 

That this formula is not improbable will be shown Under cjq 
that the ■ calcium salt .appears 'to be derived from a nitrated acid, 
This acid is .probably dibasic, and the reducing 
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properties of the calcium salt indicate that it contains a ketonic 
group. An acid, G n TI 35 O 30 N, might be formed from caramelan, 
C 12 H 18 0 9 , as follows: (1) C 1 oH 18 O d =C 1 ,H j A + H.,0 ; 

(2) C 12 H 16 0 8 +HN0 3 ;0 2 =C n H lfl O in N + B^O * CO*. 

In all cases of oxidation so- far investigated, the loss of one 
carbon atom has been observed, and this seems generally true of 
the action of oxidising agents on caramelan. 

(Ij) The portion of the residue treated with phenylhydrazine in 
acetic acid solution was warmed on the water-bath for about 
twenty minutes, when a colloidal precipitate formed which settled 
after the addition of brine. After being washed with water and 
dried in a vacuum, it formed a dark red, infusible powder: 

0*0990 gave 0*1800 C0 2 and 0*0451 H 2 0. C=49*5; H = 5*L 

0*1263 „ 10*8 c.c. N 2 (moist) at 15° and 758 mm. N = 10*0. 

C 17 H 21 0 9 N 3 requires C = 49*6; II = 5*1; N = 1Q*2 per cent. 

These figures are in good agreement with those given for the 
calcium salt of the acid, C n H 15 O 10 N, described above. The 
hydrazone of this acid -would be formed directly: 

O n H 15 O 10 N + C c H 6 -NH-NH a = C 17 H 21 0 9 N 3 + H,0. 

(2) Nitric Acid (20 per cent .).—With 20 per cent, nitric acid 
oxidation took place immediately on warming on the water-bath, 
and the solution, which was at first dark red and opaque, quickly 
became clear. Considerable evolution of carbon, dioxide and 
nitrous fumes took place. No insoluble precipitate was formed 
in this case, and it was noticed during the oxidation of the humic 
acid, C 24 II 22 O n , that the red compound, C 23 H 23 0 34 N, passed into 
solution if treatment with the 7 per cent, nitric acid was con¬ 
tinued too long. The clear, pale red solution was neutralised with 
calcium carbonate, and, after concentration, a syrup was obtained 
which had powerful reducing properties. As no insoluble salt 
could be obtained from the syrup, the acid was isolated by means 
of its phenylhydrazine derivative prepared in actic acid solution. 
The compound, after drying in a vacuum, formed a dark red, 
.infusible powder: 

0*0892 gave 0*1977 C0 2 and 0*0474 HoO, C = 60*4; H^5*9. 

0*1337 „ 9*4 c.c. N 2 - (moist) at X9*5~° and 765 mm. N=8* 1. 

C 3 ,-H 3S 0 11 N4 requires t?=60*8j H = 5*5; N=8*l per cent." 

The composition C 85 H 38 O n N 4 indicates an acid containing two 
ketonic groupings and having the composition 

0 2S H 26 0 ia + 2 C fl H 5 *NH * NH 2 = C 3f) H 3S O n N 4 + 2 HA). 

As, previously mentioned, the insoluble compound, C^HosO^N, 
was not formed, so that it was probably acted; ; on by the 20 per 
cent, nitric acid employed. This compound .if denitrated ;;waidct ^ 
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give an acid, 0 23 H 24 0 12 , which on further hydrolysis would become 
C 23 H 2r> 0 33 , and might give the phenylhydrazone, 

described. 

The connexion between these products is shown in the following 
scheme: 



o«h m o u " 

(humic acid) 


c 23 h 23 o 12 -no 2 +o u h 15 o s -no 2 

(insoluble acid) (soluble acid) 




* 


-> [C fl3 H., 6 0 13 ] (isolated as 
(soluble acid) dihydrazone) 


Oxidation with Bromine Water .—The action of this reagent 
followed the same general lines as oxidation with nitric acid. 
Complicated bromo-derivatives were obtained, indicating a con¬ 
densation of molecules and the loss of one carbon atom by oxida¬ 
tion. Two compounds were isolated, namely, 2!) Br and 

C 35 H 5 . 2 0 29 Br 2 . These appear to be bromine substitution products, 
and are somewhat similar to the sesquibromo-oxysacchulmide, 
C 44 H SG 0 2 2B r 6 , obtained from sacchulmic acid (Sestini, Gazzetta, 
1880, 10, 355). 

Bromine water was gradually added to- an aqueous solution of 
caramelan, when the bromine was rapidly absorbed. The solution 
was poured into alcohol, when a yellow precipitate was obtained. 
This was collected, washed with alcohol, and dried in a vacuum. 
It formed a yellow, infusible powder soluble in water, but in¬ 
soluble in other solvents. The bromine was estimated by boiling 
with nitric acid in the presence of silver nitrate: 

(i) 0*1050 gave 0*0191 AgBr. Br = 7*74, 

(ii) 0*1012 „ 0*0190 AgBr. Br = 7*98. 

c m h 5S 0 29 Br requires Br = 7*9 per cent. 

Another experiment was carried out in which, roughly, twice as 
Much bromine water was used, so that the bromine remained in 
excess. A yellow precipitate was obtained on addition of alcohol: 

(1) 0*1308 gave 0*1830 C0 2 and 0*0563 H 2 0. 0=38*2 ; H = 4*8. 

0*1156 „ 0*0398 AgBr. Br = 14*7. 

(2) 0*1018 „ 01418 C0 2 and 0*0433 H 2 0. 0=38*0; H=4*7. 

0*2187 „ 0*0753 AgBr. Br=14*6. 

C 35 H 52 0 29 Br 2 requires 0 = 38*2; H = 4*7; Br = 14*6 per cent. 

Oxidation with Ozone, —Many experiments were carried out on 
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tlie oxidation of car am elan with permanganate and chromic acid, 
but in each case complex acids, soluble in water, were produced 
which formed colloidal salts with the manganese and chromium 
and gave no useful results. Oxidation with ozone was tried in 
the hope that some cleavage of the molecule might take place 
which could be interpreted in the light of recent work on the 
action of ozone. A solution containing 10 grams of caramelan in 
100 c.c. of water which, except- in thin layers, is opaque, became 
clear and very pale yellow after four hours' treatment with 2 per 
cent, ozone. This indicated that some action affecting the cara- 
melan molecule as a whole had taken place, although the weight 
of ozone reacting could only be small (about 0*5 gram 0 3 ). The 
formation of an unstable peroxide is the most probable explana¬ 
tion, since on boiling the solution the dark colour returns, and the 
peroxide appears largely to revert to caramelan. A second treat¬ 
ment with ozone gave the same results. The liquid was strongly 
acid and gave a precipitate with lead acetate, from which an 
amorphous, brown-coloured acid was isolated by treatment with 
hydrogen sulphide. Another portion of the ozonised solution gave 
an aqueous distillate which contained acetaldehyde in appreciable 
quantity. This substance was recognised by the usual tests, and, 
in addition, converted into ethylidenedi-jS-napht-hol oxide, which 
gave the correct melting point (173°). 

The formation of acetaldehyde from caramelan seems to require 
the presence of a methyl group in the molecule. This aldehyde 
would normally be formed from an unsaturated organic compound, 
CH 3 *0H:CX, the ozonide of which would be decomposed by water 
into CH a *CHO -f X*C0 2 H. 

This observation may be of importance, since the recognition of 
a simple product- of decomposition has often been useful in 
indicating the constitution of organic compounds. 


Summary and Conclusions. 

(1) Sucrose, on heating at 170—180°, loses 2 molecules of water, 
forming caramelan, C 12 H 18 0g, a tetra-atomic alcohol (m. pr 136°), 
characterised by the formation of a tetra-acetate (m. p. 107°), a 
tetrabenzoate (m. p. 105°), and a tetranitrate (explosive). It is 
not possible to decide definitely between the molecular formula 
C 12 H 18 C 9 or C 24 H 30 O 18 , hut the reactions lend some support to the 
latter. 

(2) Compounds formed by caramelan with phenylhydrazine and 
semicarbazide indicate the existence of one CO- or CHO-grouping 
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per C 24 unit, but in each case these are formed with extensive 
dehydration. 

(3) Concentrated non-oxidising acids bring about dehydration 
to cararaeliu, G 24 H 2G 0 ]3 . Weaker solutions hydrolyse and 
dehydrate, producing dextrose, methylfurfuraldehyde, and humic 
acid. 

(4) On oxidation, car am elan tends to yield still more complex 
substances, and in nearly all cases one carbon atom is removed 
per , Q 2 4 unit. With dilute nitric acid, characteristic nitro-acids 
are formed. Among simpler products, acetaldehyde has been 
recognised. 

(5) Considered together with the products formed by its further 
dehydration, caramelan seems to mark a first step in the process 
of anhydride-formation, and condensation which leads from simple 
sugars to such complex substances as cellulose, humus, and 
caramelin. 

Chemistry Department, 

Borough Polytechnic Institute, 

London, S.E. [ Received , May 3 rd , 1917.] 


LIV .—Action of Acetaldehyde ammonia on 
Quinones . 

By Praphulla Chandra Ghosh. 

This work was undertaken with the object of preparing organic 
compounds with two quinonoid arrangements in the molecule, and 
hence dyes of good shade, by introducing one or more auxochrome 
groups into them. The special reactivity of benzoquinone is well 
known, ;so it was thought that it might condense with acetaldehyde- 
ammonia in molecular proportions and give rise to an anthracene 
derivative. 

O OH Me o 
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Ammonia liberated from aldehyde-ammonia might react further 
and form 


O O 
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EH LMlUe EH 


or it might condense as follows to an acridine derivative. 
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Japp investigated the action of benzaldehyde and aqueous 
ammonia on quinones (T., 1881, 89, 225; 1882, 41, 157), and 
formulated a somewhat general principle that ortho-quinones are 
different in constitution from para-quinones, inasmuch as the 
former condense and the latter do not. The para-qninones in¬ 
vestigated by him were benzoquinone and a-naphthaquinone. It 
is well known, however, that, aqueous ammonia resinilies benzo¬ 
quinone, so it was thought interesting to ascertain whether any 
conclusion could be drawn as to the constitutional difference 
between the ortho- and para-qttinones by means of the aldehyde- 
ammonia reaction. Japp himself tried the action of acetaldehyde- 
ammonia on phenanthraquinone and obtained an amorphous 
product. 

By the condensation of p-benzoqiiinoiie and acetaldehyde- 
ammonia, a deep black, crystalline substance of the formula 
CgHyON has been obtained. This at once excludes the possibility 
of any acridine formation; it may, however, have the constitution 


/w 

| j pCM. 

V 


if benzoquinone has reacted in the same way as phenanthra- 
qiiinone does with benzaldehyde and ammonia. A compound of 
this nature should on oxidation give benzoquinone, -whereas on 
oxidation with chromic acid mixture no benzoquinone, but an 
amorphous product, was obtained. There is, however, the third 
possibility, namely, that ' the compound may ' be an 1 anthracene 
derivative. In that case it should.have 'double'/the; : l qmp&ical; i 
formula,, but the molecular weight, of the 'substapcq'; 1 Could' 1 not ho 
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determined on account of its sparing solubility. The molecular 
weight of the nitro-derivative in ethyl alcohol was determined by 
the ebullioscopic method, and corresponded with the formula 
C 10 H 12 O c N 4 . The nitro-derivative therefore has the formula I 
and the parent substance- the formula II. 


O 


0 


✓OELMev /v 

In O./ V 


° ,CHMe, ° 


\N0„ 


hd^CHMe/ 

iNH NH 

(I.) 


'CHMe' 

NH JS’H 

(II.) 


This formula explains the deep colour of the substance, hut no 
known anthracene derivative could be isolated from it. It is, 
however, difficult to explain the yellow colour of the intro-deriv¬ 
ative on this assumption. Of course, it can be explained by the 
remarkable conception of the “ colour of the secondary order/ 7 
but the conception is only a very recent one and cannot be said 
to be thoroughly established. It may be that the suhstance is 
more complex, and what is termed the nitro-derivative is only a 
degradation product, so the constitutional formula suggested is 
only a probable one and remains undecided at j>resent. 

Attempts to prepare the sulphonic acid and other derivatives 
of the substance were unsuccessful. 

With a- and /3-naphthaquinones no definite product could be 
isolated, but with anthraquinone a colourless compound of the 
formula C 18 H 13 0 3 was obtained, which on treatment with phenyl- 
hydrazine in acetic acid solution gave a hydrazone, 

c ]a Ti 12 (:N*]srnph) 2 . 

It has, therefore, the constitution 


CH-CHO 

0 



c 

CH-CHO 


In this condensation of anthraquinone and acetaldehyde, 
ammonia has probably acted as the condensing agent, and, of 
course, many such cases are known (compare T., 1883, 48, 27; 
Annalen, 1894, 281, 25), 

That benzoquinone and anthraquinone condense with acet¬ 
aldehyde-ammonia seems somewhat contrary to Japp's generalisa¬ 
tion. They, differ in their modes of condensation, as there are 
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reactive hydrogen atoms in benzoquinone but none in anthra- 
quinone. 

Experimental. 

Condensation of p- Benzoquinone with Acetaldehyde-ammonia . 

A nitrobenzene solution of 4*32 grams of p-benzoquinone and 
2*44 grains of powdered acetaldehyde-ammonia was heated on the 
oil-bath. There was a sudden solidification at 85—90°. The black 
mass was then collected and washed free from nitrobenzene with 
ether, and finally with hot water and alcohol, to free it from un¬ 
changed quinone and aldehyde-ammonia. It crystallised from 
nitrobenzene in deep black needles which did not melt at 290°. 
It is insoluble in alcohol, chloroform, benzene, or light petroleum, 
and sparingly soluble in acetic acid, pyridine, or nitrobenzene: 

0*1200 gave 0*3181 CO, and 0*0507 HA). C = 72*3; 11 = 4*69. 

0*1338 ,, 12*25 c.c. N 2 at 25° and 761 min. N = 10*46. 

C 8 H 7 ON requires 0=72*73; H = 4*55; N = 1G*6 per cent. 

When p-benzoquinone and aldehyde-ammonia were condensed 
in the proportion of 2:1 the same substance was obtained. 

Nitro-derivafive .—One gram of the finely powdered substance 
was added gradually to 15 c.c. of nitric acid (D 1*45) without 
allowing the temperature to rise. After five hours, water was 
added to the clear solution, when a small quantity of a substance 
was precipitated. This was collected and the filtrate was concen¬ 
trated under diminished pressure at 37—42°, when yellow crystals 
began to appear which did not melt at 300° : 

0*125 gave 0*2463 C0 2 and 0*0383 HoO. C = 53*80; H = 3*41, 

0*101 „ 14*3 c.c. N 2 at 28*5° and 759 mm. N = 16*l. 

0*625 in 20 c.c. alcohol gave A£=+QT7°. M.W. = 347. 

C 3G H 12 O c N 4 requires C=53*93; H = 3*37; N = 15*87 per cent. 

M-W. = 356. 


Action of Acetaldehyde-ammonia on Anthraquinone. 

Anthraquinone (2*08 grams) and acetaldehyde-ammonia (1*22 
grams) were heated in a sealed tube at 220—225° for six hours. 
The product was first washed twice or thrice with cold alcohol to 
free it from resinous matter as far as practicable, and then boiled 
with alcohol. The filtrate, on cooling, deposited colourless, silky 
needles, which when recrystallised from alcohol melted at 281° 
and contained no nitrogen: 

0*11 gave 0*336 C0 2 and 0*049 H 2 0. C = S3*1; 11 = 4*9. 

C j8 H ia 0 2 requires 0 = 83*07; H = 4*61 per cent. 

Hydrazone .—To an acetic acid solution of 0*25 gram of the 
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substance 0*216 grain of phcnylhydrazine was added, and the solu¬ 
tion heated on the water-bath for an hour and a-half. Water was 
then added to the solution, and the yellow precipitate was crystal¬ 
lised from alcohol. The substance did not melt at 300°: 

0*102 gave 11*4 c.c. No at 30° and 762 mm. N = 12*8. 

C 30 H 24 N 4 requires N = 12*72 per cent. 

In conclusion, I beg to express ray best thanks to Dr. E. E. 
Watson 1 for the kind help and encouragement which he has given 
me during the course of this investigation. 

Dacca College Laboratory, 

Dacca, Bengal, 

India, [Received, May 2 5th, 1917 .] 


LV .—The Conversion of o -Nitroamines into isoOxa~ 
diazole Oxides , and of o-Nitrosoamines into 
iso Oxadiazoles. 


By Arthur G. Green and Frederick Maurice Rowe. 

In the three previous communications (T., 1912, 101, 2452; 1913, 
103, 897, 2023) it has been shown that many o-nitroa,mines arc 
converted into furoxans (furazan oxides or isooxadiazole oxides) 
when oxidised in alkaline solution with sodium hypochlorite. The 
reaction is undoubtedly a quinonoid one (compare Green and 
Rowe, T., 1913, 103, 508), taking place according to the scheme: 

/Nnh, ^ /\nh 


\/ 


NO, 


\/' 


=N< 


O 


—> 


ONa 

/\:n-oh , 
\/— 


0 

Na 


/\/f\ 

I I o 
\/\n/ 


> 0 . 


1 In order further to test the generality of, this reaction, the 
behaviour of o-nitroamines of the naphthalene series has been 
investigated. 

. The following nitronaphthylamines were submitted to the 
sodium hypochlorite oxidation: 


NIL 

X/V 


NO, 


/\/\ 


NIL 


NO, NIL 

/\/\ 


NIL 

/N/Nno, 


\/\/ \/\/ \/\/ 

NO, 
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It was found that the same- oxidation product is formed both 
from 2-nitro-l-napkthylamine and from 1-nit ro-2-napb ih viani in e, 
namely, naplitliafuroxan or naphth/sooxadiazole oxide, melting at 
127° (identical with the “ /3-naphthaquinonedioxiine peroxide" of 
Forster and Fierz, T., 1907, 91, 1942, obtained by heating either 
2-nitro-l-naphthylazoimide or l-nitro-2-naphthylazoimide, and also 
identical with Koreff and Ilinskis “ 1:2-dmitrosoiiaphtlialene,''* 
formed by oxidation of j3-naphthaqiiiiionedioxime). Both prepara¬ 
tions of naphthafuroxan are reduced by hydroxylamine to 
/3-naphthaquinonedioxime, which is readily converted into naphtha- 
furazan melting at -78°. This result, coupled with our former 
observations in the benzene series, and with those of Forster and 
Fierz (loo. cit.) and Forster and Barker (T., 1913, 103, 1918), 
place beyond doubt the symmetrical structure of these compounds. 
Angeli (AHi E. Accad. Lined, 1916, [v], 25, ii, 7; Gazsctta, 1916, 
48, ii, 300) also confirms the symmetrical structure advanced by 
us, and simultaneously by Forster and Barker, from results which 
lie has obtained in the fatty series by the action of Grignaid’s 
reagent on the peroxide of diphenylglvoxime and anisylmethyl- 
gly oxime. 

8-Nitro-l-naphthylamine, when subjected to hypochlorite oxida¬ 
tion, did not yield, a furoxan. Forster and Fierz also failed to 
obtain a pm-compound by heating the corresponding nitroazo- 
imide. This difference between peri- and ortho -compounds is 
similar to that observed in the quinone formation, and, taken in 
conjunction with the well-known tendency of peri-compounds to 
ring condensation, lends further support to the view that the 
reaction is a quinonoid one. 

With regard to 2:4-dinitronaphthylamine, it was thought 
possible that this would behave in an analogous maimer to 
2:4-dinitroaniline. It was found,, in fact, that oxidation, either 
in. suspension or in alcoholic solution, at the ordinary temperature 
or when cooled in ice, resulted in disruption of the ring, accom¬ 
panied by a strong odour of chloropicrin, and nothing could be 
isolated from the solution. 

This further bears out our previous observations that the amino-, 
acetylamino-, azo-, sulphonic, and nitro-groups (except in the 1 case 
of dinitroaniline in alcoholic solution), when occupying the para- 
position with respect to the amino-group in a ring-substituted 
o-nitroamine, renders the ring unstable to hypochlorite oxidation. 
This instability is even more pronounced in the naphthalene series 
than'in the Benzene series. 

The behaviour of o-nitrosoamines when oxidised' with sodium 



614 GREEN AND ROWE: THE CONVERSION OF 0KNITROAMINES 

hypochlorite was next studied with the object of throwing further 
light on the mechanism of the formation of furoxans. 

Ilinski (Ber.) 1886, 19, 347) obtained the “anhydride of 
o-naphthalenedioxime ” (naphthafurazan) by the oxidation of 
a~nitroso-/3-naphthylamine in alkaline solution with potassium 
ferricyanide. This product was identical with that obtained by 
Harden ( Annalen , 1889, 255, 156) by a similar oxidation of 
0-nitroso-a-naphthylamine. 

We have found that on oxidation with hypochlorite, both 
a-nitroso-^-naphthylamine and Anitroso-a-naphthylamine are 
similarly converted into the same naphthafurazan: 

NOH N H 

I! H 

/\/\:lfH /\/ \_TJOFT 

i i i or ! i r -> 

\/V \/\/ 

NOH —O 

AV^NOH /\/\ \n ' 

\/\/ \/'\/ 

In order to establish the generality of this reaction and its 
analogy to the hypochlorite oxidation of o-nitroamines, we have 
endeavoured to extend it to the benzene series. A difficulty, how¬ 
ever, arises here from the fact that benzenoid o-nitrosoamines are 
not readily obtainable and have only been described in one or two 
cases, of which only one, namely, o-nitrosoaeetamlide, was suitable 
for our purpose. This compound was prepared in a yield of 30 to 
50 per cent, by Brand and Stohr 1906, 39, 4064) by the 

cathodic reduction of o-nitroacetanilide in neutral solution followed 
by oxidation of the hydroxyiamine formed with silver nitrate, 
copper sulphate, or ferric chloride in the presence of sodium 
acetate. 

We have obtained it more conveniently by employing a modifi¬ 
cation of this method, in which o-nitro acetanilide in aqueous 
suspension is reduced with zinc dust and ammonium chloride, 
followed by oxidation of the solution of o-acetylaminophenyl- 
hydroxyiamine with ferric chloride in the presence of sodium 
acetate. Attempts to prepare o-nitrosoaniline from o-nitroso- 
aeetanilide met with no success, this being in agreement with 
Brand and Stohr’s observations, for even boiling with dilute 
alcohol converts o-nitrosoacetanilide into 2: 2 / -azoxyacetanilide. 
We also failed to obtain o-nitrosoaniline by subjecting o-nitro- 
aniline to reduction and oxidation in a similar manner to the 
above. The product separates in dull red, crystalline needles, 
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which proved to be the acetate of a base melting above 310 °, the 
constitution of which was not determined. In the absence of 
o-nitrosoaniline, we have subjected o-nitrosoacetanilide to hypo¬ 
chlorite oxidation in alkaline solution in the expectation that 
hydrolysis of the acetyl group and oxidation would occur simul¬ 
taneously. This was found to be the case, and a quantitative 
yield of benzfitrazan melting at 55° was obtained. In an 
analogous manner, o-nitroacetanilide was found to be converted 
directly into benzfuroxan by alkaline hypochlorite. 

We next attempted to prepare w-nitrosoaceto-p-toluidide from 
m-nitroaceto-p-toluidide by the same method as that used for the 
preparation of o-nitrosoacetanilide. The solution of 6-acetyl- 
amino-3-tolylhydroxylamine obtained by the reduction of -m-nitro- 
aceto-p-toluidide gave, however, no trace of a nitroso-compound 
when oxidised with ferric chloride in the presence of sodium 
acetate. In the absence of sodium acetate, the nitroso-compound 
was obtained in minute quantity, but attempts to isolate it in a 
pure condition failed. In spite of numerous experiments carried 
out under a variety of conditions, only traces of the nitroso-com¬ 
pound were obtained. By distilling the crude product with 
alkaline sodium hypochlorite in a current of steam, the tolufurazan 
melting at 37° was obtained in small quantity. This reaction, in 
fact, affords a convenient test for the presence of an c-nitrosoamine 
or its acetyl derivative in a mixture. Similarly to o-nitro¬ 
acetanilide, wz-nitroaceto-p-tolui elide when warmed with alkaline 
sodium hypochlorite is converted into tolufuroxan melting* at 97°. 

Other attempts to prepare a derivative of m-nitr oso-p-t oluidide 
met with no success. Both aceto-p-toluidide and toluene-4-o-tolyl- 
sulphonamide were subjected to the usual methods of nitrosating, 
but without any action taking place. 

The production of furazans, and not of furoxans (furazan oxides) 
by the sodium hypochlorite oxidation of o-nitrosoamines is in 
agreement with our former observations on the resistance of 
furazans to oxidation (no method is known by which these can be 
converted* into the corresponding oxides). Further support is also 
given to our explanation of the course of the reaction by which 
furoxans are formed from o-nitro amines, according to which no 
transference of an oxygen atom from the nitro-group takes place. 
The proof is also afforded that in a nitrosoamine (quinonemide- 
oxime) the NH 2 - (or Nil) group is more prone to attack by 
alkaline oxidising agents than the nitroso- (or oxime) group* 
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Experimental. 

Na pitthimoxadiazole Oxide (Naphthu/aro.tan, “ &-N aphtha- 
qwintriiedioxime Peroxideor “ 1 : %]JitnlrosonapMlialene ”). 



(1) Preparation from l-Nitro-fi-naphtfoylamine. —This base was 
prepared according to tlie methods of Liebermann and Jacobsen 
(Amuden , 1882, 211, 45) and Meldola (T., 1885, 47, 520). Aceto- 
/3-n aphtha!ide (m. p. 132°) was nitrated in acetic acid solution, 
followed by hydrolysis of the product with sulphuric acid. When 
crystallised from dilute alcohol, it was obtained in orange needles 
melting at 124°. The oxidation is best effected by the addition 
of alkaline sodium hypochlorite to a warm alcoholic solution of 
the nitronaphthylamine until an excess of hypochlorite is. shown 
by starch iodide paper. The mixture is coaled, diluted with 
water, the pale yellow precipitate collected, and distilled in a 
current of steam. When crystallised from alcohol, naphtha- 
furoxan forms colourless needles melting at 127°, as stated by 
Koreff, Ilinski, and Forster and Fierz. 

The compound has the peculiar pungent odour characteristic of 
the furoxans. Almost a theoretical yield was obtained. (Found, 
N ™ 14*92. Calc., N = 15*05 per cent.) 

(2) Preparation from 2-A if ro-a-naph 1 hyla min e .—This base, was 
obtained by Lellmami and Reray’s method (Bar., 1886, 19, 797 ; 
1887, 20, 892). Aeeto-a-naphthalide (m. p. 158°) was nitrated in 
acetic acid solution. The crystalline double compound of 2-nitvo- 
and 4-nitro-aceto-a-naphthalide (m. p. 171°) was partly hydrolysed 
with potassium hydroxide, and the 4-nitro-a-naphthyl amine 
removed with sulphuric acid. The 2-nitroaceto-a-naphthalide 
(m. p. 199°) was hydrolysed with alcoholic hydrochloric acid. 
When crystallised from alcohol, 2-nitro-a-naphthylamine was 
obtained in red needles melting at 144°. 

The oxidation with alkaline sodium hypochlorite was effected in. 
alcoholic solution in a similar manner to that employed for the 
isomeric base. In this case, however, the oxidation product 
separates as a brown, tarry mass which is best purified by dis¬ 
tillation in a current of steam and crystallisation from alcohol. 
It formed colourless needles melting at 127°, and was completely 
, identical with the preparation from 2-nitro-j8-naphthylamine. ' It 
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Iiacl the same crystalline form, and mixtures of the two products 
also had the same melting point. A yield of SO per cent, was 
obtained. (Found, N = 14‘97. Calc., N = 15*05 per cent.) 


NOH 

fi-Naphthaquifioneddoxime, f ' X/ ^‘NOH. 

\/\/ 

This compound was formed by reduction of the naphthafuroxan 
prepared from either l-nitro-/3-naphthylamine or 2-nitro-a- 
naphthylamine. Reduction does not occur as readily as in the 
benzene series, and requires an excess of hydroxylamine. The 
best results were obtained by dissolving in alcohol and adding at 
least four molecular proportions of hydroxylamine hydrochloride 
in aqueous solution, after which the mixture is warmed to 50°, 
allowed to remain for some time at that temperature, and then 
rendered alkaline with aqueous sodium hydroxide. The yellowish- 
brown solution is cooled, precipitated with acetic acid, the pro¬ 
duct redissolved in dilute aqueous sodium hydroxide, the solution 
filtered, and reprecipitated with acetic acid. 

The substance separates from alcoholic solution in small, yellow 
needles melting sharply at 169°, j8-Naphthaquinonedioxime is 
converted into naphthafuroxan on melting, and also by the action 
of alkalis or acids. This probably accounts for the various melt¬ 
ing points which have been given for the compound, namely, Gold¬ 
schmidt and Schmid, 149° (JBer., 1884, 17, 2067), Bronner, 166° 
(Ber. y 1888, 21, 392), Kehrmann and Messinger, 180—181° (Ber^ 
1890, 23, 2815). It is. interesting to note that whereas the 
oquinonedioximes of the benzene series are soluble in alkalis with 
a deep blood-red colour, j3~naphthaqiiinonedioxime dissolves in 
alkalis with ,a yellowish-brown colour. (Found, N = 14*97. Calc., 
N = 14'89 per cent.) 


Na/phtlmooxadiazole (Nafhthafimizau or u o-Kaplithylene- 

Ns-O 

I N! 

dioxime Anhydride 55 ), I , | j 
- \/\/ 


(1) Preparation from Q-Naphthaqui n o nedioxime.- —^-Naphtha- 
quinonedioxime was dissolved in sodium hydroxide and distilled, 
in a current of steam. The product forms long, white, silky 
needles which melt at 78°. It is readily volatile 'with 'steam, and 
possesses the' characteristic furazan odour. ; It is;, salufeIe\iB con? 
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centrated sulphuric acid with a yellow colour, being precipitated 
in an unaltered condition on pouring into water. (Found, 
N = 16*32, Calc,, N = 16*47 per cent.) 

(2) Preparation from a-Kitroso-ft-naphthy'lamme. —The nitroso- 
base was prepared according to Kinskis method (Ba\, 1884, 17, 
391; 1886, 19, 343), by short heating of nitroso-jS-naphthol with 
ammonia at 100°. The product melted at 151°. On addition of 
sodium hypochlorite to a cold alcoholic solution of nitroso-j8- 
naphthylamine, this base is oxidised quantitatively to naphtha- 
furazan, which is immediately thrown out of solution as a white 
precipitate. After distillation in a current of steam, it forms 
long, -white, silky needles melting at 78°. (Found, NT= 16'29, 
Calc., N'=16*47 per cent.) 

(3) Preparation from $-Nitroso~a-naphthylamine .■—The nitroso- 
base was obtained by Ilinski’s method (Ber. y 1884, 17, 2590; 1885, 
18, 706), by heating /3~nitroso~cc-naphthol (m. p. 148°) with 
ammonium chloride, ammonium acetate, and ammonium 
carbonate. 

If j3-nitroso~a-naphthylamine is oxidised under conditions similar 
to those used for the isomeric nitroso-base, only a small yield of 
iiaphthafurazan is obtained, but by using neutral sodium hypo¬ 
chlorite, it is converted almost quantitatively into naphthafurazan. 
After distillation in a current of steam, the product formed long, 
white needles melting at 78°, completely identical with that from 
a-nitroso-^-naphthylamine. It had the same crystalline form, and 
mixtures of the two products had the same melting point. 
(Found, N= 16*32. Calc., N = 16‘47 per cent.) 


Benzi&ooxadiazole (Benzfurazan ), 


/\n 


1ST' 


>0 


(1) The preparation of this compound, by distilling an,alkaline 
solution of o-benzoquinonedioxime in a current of steam, has 
already been described in our former paper (Joe. cit.). 

(2) Preparation from o~Nitrosoacetamlide .—The nitroso-com- 
pound was obtained as follows. Twenty-five grams of o-nitro- 
acetanilide were ground to a fine powder and suspended in 
350 c.c. of water in which 13 grams of ammonium chloride had 
been dissolved. Forty grams of zinc dust were then added in 
small quantities at a time, with cooling and vigorous shaking. 
Agitation was continued until all the o-nitroacetamlide had dis¬ 
appeared. On filtration, a clear yellow solution of o-acetyl- 
aminophenylhydrpxylamine was obtained. This solution is readily 
oxidised by air to 2:2 / -azoxyacetanilide (yellow needles from 
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alcohol, in. p. 185°), which doubtless, owes its formation to the 
condensation of o-nitrosoacetanilide with o-acetylarahiodipheiiyl- 
hydroxylamine. Owing to the extreme ease with which this con¬ 
densation occurs, it is necessary for its avoidance that the oxidation 
of the o-aeetylaminodiphenylhydrnxylamine solution should take- 
place as rapidly as possible. Further, conditions of alkalinity or 
mineral acidity must be excluded. The solution of o-acetylamino- 
phenyihydroxylamine was therefore filtered from zinc direct into a 
cold solution of three to four molecular proportions of ferric 
chloride containing sufficient sodium acetate to neutralise the 
mineral acid liberated by the oxidation. A green precipitate, con¬ 
sisting of a mixture of o-nitrosoacetanilide and azoxyacetanilide, 
separated, which -was collected and dried. A further quantity could 
be obtained from the- filtrate- by extraction with ether or benzene. 
The o-nitrosoacetanilide was extracted from the crude product 
by ether, and after two crystallisations from ether was obtained 
in very large, green, rhombic prisms melting at 107*5°. 

It may be conveniently estimated by titration with titanous 
chloride, and was thus found to be 99*75 per cent. (Found, 
N = 16*97. Calc., N = 17*07 per cent.) 

All attempts to prepare o-nitrosoaniline from o-nitrosoacetanilide 
were unsuccessful. The latter dissolves in cold concentrated 
hydrochloric acid with a deep red colour, which deposits a 
yellowish-brown, crystalline product melting at 258—262°. This 
was not the hydrochloride of o-nitrosoaniline (m. p. 220°). 

The oxidation of o-nitrosoacetanilide with sodium hypochlorite 
was carried out as follows: 

Powdered o-nitrosoacetanilide was covered with a solution of 
sodium hypochlorite made strongly alkaline with sodium hydroxide. 
On warming gently, the o-nitrosoacetanilide dissolved with a deep 
red colour, which was rapidly decolorised, and benzfurazan sepa¬ 
rated. After distillation in a current of steam, the product 
crystallised from alcohol in long, white needles melting at 55°, 
completely identical with the preparation from o-benzoquinone- 
dioxime. 


b-M ethylb enzisooxadiazole (Tolufurazaii), 



(1) The preparation of this compound, by distilling an alkaline 
solution of 3:4-toluquinonedioxime in a current of steam, has been 
described in our former paper ( loc , eit.). 

(2) m~Nitroaceto-p-toluidide was reduced in aqueous suspension 
with zinc dust and ammonium chloride,- as im-bhe previous';'pre- 
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pa rat ion of o-nitrosoacetanilide. The solution of the hydroxyl- 
amine obtained was oxidised with ferric chloride, but in this case 
no sodium acetate was used. The crude oxidation product which 
separated was mixed with sodium hypochlorite, made alkaline with 
sodium hydroxide and distilled in a current of steam. The pro¬ 
duct crystallised from dilute alcohol in long, white needles melt¬ 
ing at 37°, completely identical with the former preparation of 
5 -methylbenz iso oxadiazole. 

About 1 gram "was obtained from SO grams of m-nitroaeeto-p* 
toluidide. 

School of Technology, 

Manchester. [Received, June 11/A, 1917. 


LVL —The Phosphates of Calcium. Part IV. 

The Basic Phosphates 

By Henry Bassett, Jim. 

A detailed knowledge of the basic phosphates of calcium is desir¬ 
able, if only for the reason that they are important constituents 
of the mineral matter of bone and also of the earthy phosphorites 
and coprolites so largely used in the manufacture of superphos¬ 
phate. 

It is true that one still finds statements in text-books to the 
effect that these substances consist of triealeium phosphate. This 
is far from being the case, however. Even, laboratory preparations 
of so-called triealeium phosphate vary considerably in composition 
and seldom have the correct Ca0,P 2 0 5 ratio. Cameron, Seidell, 
and Bell (J. Amer . (Jltem. Sue,, 1905, 27, 1512), when determining 
the isotherm of the system CaG-P 2 O r> -H 2 0 at 25°, examined the 
region of alkaline and very faintly acid solutions, and concluded 
that no definite compound existed intermediate between 
CaHP0 4) 2H 2 0 and Ca(OH) 2 , but only a series of solid solutions. 

Cameron and his co-workers have drawn similar conclusions in 
other cases also, conclusions which always seemed unsound to the 
present author, and have been shown to be incorrect in the case of 
calcium nitrate (Bassett and Taylor, T., 1914, 105, 1926). The 
present communication is the result of experiments which have 
been'in progress for a number of years past, A preliminary account 

* The first three parts of this series were published in the Zeilsch. awry* 
Chem., 1907, 53, 34, 49 ; 1908, 59, 1. 



BASSETT! THE PHOSPHATES OP CALCIC A. PART IV. 621 


of the conclusions arrived at has already been given (Proc. 1th 
lute-mat . Congress Applied Ghem 1909, Sec. II., p. 178), hut these 
have had to be modified somewhat as the result of further 
experiments. 

Experimental. 

The plan of the investigation is simple enough, being merely a 
phase-rule examination of that portion of the system 

Ca0-P 2 0 5 ~H 2 0 

lying between the regions where dicalcium phosphate and calcium 
hydroxide respectively are the stable solid phases. The experi¬ 
mental difficulties encountered have, however, been serious, and 
were chiefly due to the extreme slowness with which equilibrium 
is attained. 

The difficulties were also increased by the necessity of using 
vessels which were unattacked by the solutions employed. 

A great deal of time was consumed by preliminary series of 
experiments designed to determine the approximate nature of the 
solid phases being dealt with and the time required to reach 
■equilibrium. Most of the experiments have been carried out at 
25°, the reacting mixtures being contained in eerasin wax bottles, 
which were constantly shaken in a thermostat kept at that tempera¬ 
ture until it w T as judged that equilibrium had been attained. Some 
experiments were also made at 100° and in an autoclave at from 
170° to 200°, platinum vessels being employed in these cases. 
In the case of the experiments at 25°, it has been found that, even 
in the most favourable circumstances, at least eighteen months are 
required for equilibrium to be reached. This seems to be due, in 
the main, to the slowness with which a mixture of two solids [for 
example, the compounds Ca(OH) 2 and CaHP0 4 ,2H 2 0] reacts to 
give the single new solid (for example, Ca 3 P 2 O s ), really stable, under 
the experimental conditions. The solution seems to adjust itself to 
any single solid when present alone comparatively quickly, even in 
cases where the solid is only very sparingly soluble. It is the reluct¬ 
ance to form the new compound that delays matters. 

When dealing with sparingly soluble compounds, other compli¬ 
cations arise. Thus it has been found that basic phosphate mix¬ 
tures prepared from calcium hydroxide and the compound 
CaH 4 P 2 0 8> H 2 0 would not reach equilibrium in a reasonable time 
owing, apparently, to some of the former becoming coated over 
with the compound CaHP0 4 ,2H 2 0 or a more insoluble- basic phos¬ 
phate. 

If, on the other hand, milk of lime and phosphoric acid were used 
in making the original mixture, the basic phosphate solid obtained, 
even after shaking for a year or more, was so amorphous and 
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settled so i badly that it was almost impossible to separate the 
solution and solid for satisfactory analysis. 

If anhydrous calcium hydrogen phosphate, CaHP0 4 , was used 
in making the mixtures, it reacted with such extraordinary slow¬ 
ness that some was nearly always present in the final solid phase 
separated for analysis. 

The only way in which approximately satisfactory results have 
been obtained has been by making up the contents of the solu¬ 
bility bottles with pure lime, pure calcium hydrogen phosphate, 
CaHP0 4 ,2H 2 0, and distilled water. The lime was obtained by the 
ignition of pure calcium carbonate, precipitated by ammonium 
carbonate and specially prepared so as to be free from traces of 
iron, magnesium, etc.* The calcium hydrogen phosphate was also 
free from such impurities, and was obtained by precipitation with 
ammonium phosphate of a solution of the pure calcium carbonate 
in hydrochloric acid. The molecular structure of calcium hydrogen 
phosphate, CaHP0 4 ,2H 2 0, seems to be such that it can take up 
additional lime with very little disturbance to- the crystalline form. 
This materially facilitates the attainment of equilibrium, and 
results in the formation of a solid which, although almost certainly 
amorphous, is crystalline in appearance and general properties, 
such as the readiness with which it settles and can be* washed. 
In fact, all the basic phosphates prepared in this way appeared 
under the microscope almost exactly like the original crystals of 
calcium hydrogen phosphate, of which they were pseudomorphs, 
and only differed from them in having no action on polarised light. 
They were often still quite clear and transparent, although some¬ 
times a little cloudy. 


Experiments at 25°. 

In the case of the experiments at 25°, solid and solution were 
separated for analysis by filtration in the thermostat approximately 
in the manner indicated in Part III. (Zeitsch, anorg. Chem. r 1908, 
59, 12). The solid phase was washed with a small quantity of 
alcohol, then with ether, and left exposed to the air for a short 
time before analysis. In the earlier experiments the loss on igni¬ 
tion was determined and then the lime and phosphoric oxide on 
the same sample. In later experiments the loss of weight over 
sulphuric acid in an exhausted desiccator was first determined, 
followed by loss on ignition and then estimation of the lime,and 
phosphoric oxide. As far as possible, all estimations were made 
on the same weighed quantity of solid in order to economise 
material. 1 

* The calcium carbonate so prepared contained 0-008 per cent, of chlorine. 



BASSET'S : THE PHOSPHATES OF CALCIUM. PART IV. 623 


It was necessary to separate the solid phase in the dry state for 
analysis. Analysis of the wet solids and use of the triangular 
diagram method would have been of little use for fixing the nature 
of the solid phases Giving to the extreme dilution of the solutions. 
Owing to the fact that some of the water present in the solids is 
rather loosely held, it is probable that it has been affected by the 
washing with alcohol and ether. Apart from that, however, there 
need be no fear that the composition of the solids has been affected 
by the treatment. Owing to the amorphous character of the solids, 
the percentage of water they contain is relatively unimportant— 
there is'no evidence that one is dealing with definite hydrates. In 
all the experiments dealt with in this paper the concentrations of 
the equilibrium solutions are so small that the greatest care had 
to be used in making up the original mixtures in order to get 
points well spaced over the experimental region. The amount of 
total solid employed was usually about 2 grams for 100 c.c. of 
water in each experiment. 

This was sufficient for analysis, etc., whilst it was judged that 
the proportion of solid to solution would be sufficient to keep the 
latter properly saturated without excessively prolonging the time 
required for the complete readjustment of the solid. 

The experimental results are given in tables I and II, and those 
for 25° are also represented graphically. 

There seems little doubt that, in spite of the length of time 
allowed, equilibrium had not been fully attained in many cases. 
It seems as well to discuss the results as they stand, however, for 
more regular results might not be obtained even if a fresh series 
of experiments was started and allowed to run for two years or 
more. The numbers in the; first column of table I do not denote 
the order of the experiments, which belong to several series. They 
are merely the order in which the points come on the curve, and 
have only been given for purposes of reference. 

Solids 1, 3, 4, and 6 are clearly CaHP0 4 ,2H 2 0 <P 2 0 5 /Ca0 = 
1*267). From 8 to 17 we have a group of solids characterised by a 
P 2 0 5 /Ca0 ratio, -which approximates to the value 0*845 of tri¬ 
calcium phosphate, and it seems legitimate to conclude that, in 
the main, these solids do actually consist of that compound. That 
the P 2 0 5 /Ca0 ratios are mostly too high probably means that 
there is still a small amount of dicalcium phosphate left in" the 
centre of the grains. The time allowed has not been quite suffi¬ 
cient for complete penetration of the additional lime required for 
complete formation of the tricalcium compound. 

Position 7 probably represents the point at which the curves of 
di~ and tri-calcium phosphates intersect. 
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carbon dioxide found. 

In all the experiments quoted in Table L, unless there is a note to the contrary, cerasin wax 
shaking at 25° was continued for from 17 to 19 months. 



Table I. ( continued) 
Solid Phase. 
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Solids 2, 5, and 9 lying on either side of position 7 also appear 
to he mixtures of di- and tri-calcium phosphates, but 7 belongs to 
the latest and most trustworthy series of experiments. 

Solids 18 to 29 have P 2 0 5 /Ca0 ratios which are not very far 
removed from the 0*761 of oxyapatite, (Ca.,P 2 O s '),Ca0, of which 
they appear to consist. 

Solids 30 to 38 all give the same equilibrium solution, which 
clearly corresponds with the point at which both oxyapatite and 
calcium hydroxide can co-exist. 

Solids 32 to 36 could be seen to be heterogeneous under the 
microscope and to contain pseudomorphs of calcium hydrogen 
phosphate crystals (the oxyapatite) and minute crystals with a 
marked action on polarised light (the calcium hydroxide). 

Point 37 gives the solubility of pure calcium hydroxide at 25°. 

It will be noticed that the region of oxyapatite is fairly exten¬ 
sive and reaches very nearly to the point representing the solu¬ 
bility of pure calcium hydroxide. There is no indication whatever 
of the existence of any compound, such as tetracaleiimi phosphate, 
Ca 4 P 2 0 9 , more basic than oxyapatite. Nor is there any evidence in 
support of compounds intermediate between di~ and tri-calcium 
phosphates (compare Buch, Zeitsck. anorg . Chem 1907, 52, 323). 
The experimental results seem to show pretty clearly that 
Cameron, Seidell, and BelPs assumption (loc. cit.) of a series of 
solid solutions is erroneous, and the interpretation of the data just 
offered seems adequate and satisfactory. 

The Difficulty with which Water is Driven off from some of the 
Basic Fhosphates. 

The analyses of the oxyapatite solids always show a large deficit, 
more than 2 per cent, as a rule 1 . With the exception of one of the 
tricalcium phosphate solids, which shows a deficit of 1*3 per cent,, 
the other analyses are generally satisfactory. 

To what is this deficit to- be ascribed ? It can scarcely be laid 
at the door of the method of analysis, which was the same in all 
cases and was specially tested on pure calcium hydrogen phosphate, 
with which excellent results were obtained. (Found, H 2 0 = 26*30; 
CaO = 32*44; P 2 O 5 = 40*97; total, 99*71 per cent. P 2 0 6 /Ca0 1*263.) 

The method of analysis adopted as being the quickest and most 
satisfactory was as follows. The loss on ignition was determined 
after ten minutes' ignition in a platinum crucible over the blow¬ 
pipe. The ignited solid was dissolved in hydrochloric acid and the 
solution digested for from two to four hours before precipitating 
the calcium as oxalate; this was to hydrolyse any phosphate, other 
than orthophosphate, which might be present in the ignited solid. 
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The calcium oxalate precipitate, after filtering and washing, was 
dissolved in hot dilute sulphuric acid and titrated with standard 
permanganate. The phosphoric acid was determined in the calcium 
oxalate filtrate, being weighed as Mg 2 P 2 0 7 after double precipita¬ 
tion as magnesium ammonium phosphate. 

Although specially purified materials had been used in preparing 
the oxyapatite solids, the latter were examined for possible impuri¬ 
ties, but for the most part with negative results. Alkali metals, in 
particular, were found to be absent. 

Most of the basic phosphate solids were found to contain small 
amounts of carbon dioxide. The absorption of traces of this is 
almost unavoidable when the mixtures are being made up, but the 
large amounts found in some of the solids had certainly been 
absorbed during storage subsequent to separation from the equili¬ 
brium solutions. 

It is only latterly that carbon dioxide in the solids lias been 
determined and in many cases in solids which had been kept for 
some time. In such cases the whole analysis was repeated, so that 
the figures for lime, etc., given in the tables were obtained at the 
same date as those for carbon dioxide. It is known that many 
of the solids showing considerable amounts of carbon dioxide origin¬ 
ally contained no more than traces. This applies especially to 
solids 30 and 32 to 36, which had been kept in corked tubes for 
two and a-half years before the carbon dioxide was determined. 

In determining the carbon dioxide the solids were dissolved in 
concentrated phosphoric acid (1 part of syrupy acid to 1 part 
of water). The carbon dioxide evolved was carried by a slow 
current of air free from that gas through a sulphuric acid drying 
tube into a weighed potash bulb. Gentle heating facilitated solu¬ 
tion of the calcium phosphate and also complete expulsion of the 
carbon dioxide. 

Most of the carbon dioxide is driven off by strong ignition of the 
solid phosphate, and probably in many cases it is expelled com¬ 
pletely. Solid 29 before ignition contained C0 2 —0*67 per cent.; 
after fifteen minutes’ ignition over the blow-pipe there was still 
carbon dioxide present, which amounted to 0*16 per cent, of the 
original solid. 

The total water lost on ignition (column 5 in table I) has been 
obtained from the total loss on ignition by deducting the carbon 
dioxide found by the method indicated above. 

With the exception of one metal found in traces in some of the 
solids, and considered later, no other impurities could be found in 
the basic phosphate solids. The analytical deficit is therefore still 
unaccounted for, and the only explanation appears to be that it 

0 C * 
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is due to water held so firmly that it is not driven off even by very 
strong ignition. Ignition for several hours in the xmillle did not 
expel it. Attempts to estimate this water directly by fusion with 
lead oxide have not so far been successful, although they have; 
given indications that it is really present. Further experiments 
on this point will have to be postponed. 

It is well known that certain silicate minerals contain, water 
which cannot be expelled by simple ignition, but only after com¬ 
plete destruction of the molecule, as. by fusion with lead oxide 
(see Classen, “ Ausgewahlte Methoden der analytischen Choirne/’ 
1903, Yol. II., p. 629). Such water is usually called “ water of 
constitution," and, in the case of silicates, is regarded as being 
associated with the silicic acid. It seems quite likely that some 
of the water in a compound like oxyapatite may be combined in 
a similar manner. 

It may be mentioned that, according to Gabriel (, Zeitsch . 
physiol. Ghem 1894, 18, 257), there is more than 1 per cent, of 
water , in bone phosphate which is not driven off on ignition. He 
states that it can, be expelled by strong ignition with silica. Van 
Bemxnelen {Zeitsch, anorg . Ghem,, 1897, 15, 90) found some 
similarly combined water in fossil bone. 


The Pink Colour of some of the Ignited Phosphates, 

The oxyapatite solids were also peculiar in another respect. The 
ignited solids nearly always had a pink colour. This varied in 
intensity with different solids, and in some cases was only very 
faint. It was generally deepest near the bottom of the crucible, 
where the temperature would be highest. Very often, too, it was 
inclined to be patchy and deeper in some portions than others of 
the ignited solid. The colour was obtained whether the ignition 
was carried out in a platinum or a porcelain crucible, but only 
with the solids approximating to oxyapatite in composition. It 
was a long time before the cause of this pink colour was discovered. 

Gabriel (Joe, cit.) noticed a similar pink colour in bone ash 
after strong ignition, but was not able to discover the cause. Ho 
was unable to confirm a statement of Cossa (Aiti It, Ac cad, Lined, 
1878, 3, 17; Gazzetia , 1879, 9, 118) that traces of ceria earths are 
present in bone ash. Neither could he impart a pink colour to 
pure calcium phosphate by addition of cerium salts or of 
manganese salts. 

The present author has also examined bone ash for rare earths 
with entirely negative results. None could be obtained from, a 
kilogram of bone ash. 
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Tho clue to the cause of the pink colour was finally given by 
the solid from ouo of the autoclave experiments (Expt, 12, 
table II). During the analysis of this it was noticed that after 
ignition the pink colour was particularly deep at certain spots on 
the top of the solid, as though due to specks fallen from the lid of 
the autoclave. The hydrochloric acid solution of the ignited solid 
was nearly neutralised with ammonia 'and then saturated with 
hydrogen sulphide. This caused a slight darkening, but no visible 
precipitate. However, on digestion over a small flame, the few flocks 
of sulphur which separated were blackish. They were collected 
and ignited in a clean porcelain crucible. Less than 0*0001 gram 
of residue remained (this was from 0*2346 gram of original solid), 
but on treating it with a drop of dilute nitric acid and then one 
of ammonia (D 0*880), a blue colour was obtained, showing that 
copper was certainly present. On wanning over a very small 
flame, a pale green tinge was seen on the white porcelain when 
dryness was reached. There can be no doubt that the pink colour 
after ignition of the oxyapatite solids is due to some impurity, for 
its intensity varies a good deal with different preparations. In the 
case of one series of experiments (30 to 36 and 27), the ignited 
solids were white. 

That the pink colour is probably due to traces of copper in all 
cases was confirmed by the following experiments; 

(a) Some of solid 30 (which, ignited by itself, remains quite 
white) was moistened with a very dilute solution of copper nitrate 
dried, and ignited over the Bunsen burner. A pale pink colour 
had developed, which, after ten minutes’ ignition over the blow¬ 
pipe, became very much deeper—much deeper than the pink colour 
given by any of the untreated basic phosphate solids, but of the 
same character. 

(5) One of the autoclave solids with P 2 0 G /CaO ratio 0*859 
(Expt. 9, table II) was similarly ignited after moistening with 
dilute copper nitrate solution, but was quite white afterwards. 

(c) Some of the pure calcium carbonate used in the basic phos¬ 
phate experiments was similarly treated, but in no case was any 
pink colour obtained. If only a very small trace of copper nitrate 
was used, the ignited lime was white, but with more copper salt it 
had a grey colour. * 

It seems fair to conclude from these results not only that the 
pink colour of the ignited oxyapatite solids (and also of strongly 
ignited bone ' ash) is due to traces of copper, but also that the 
presence of the oxyapatite compound is actually necessary for the 
development of the pink colour. It would seem, indeed, that the 
development of a pink colour on igniting a ■ calcium, phosphate 

CC f 2 
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with a trace of copper nitrate might be regarded as a, specific lost 
for the presence of oxyapatite. 

It is worth noting that the constant presence of traces of copper 
in animal tissues has been shown by several investigators (Bergeron 
and L’Hote, Gompt. rend., 3875, 80, 268; Kaon If and' 3Breton, 
ibid., 1877, 85, 40). 

It may be pointed out that the pink colour after strong ignition 
was very faint both in the case of the bone phosphate used in the 
experiments described on p. 640 and the ox bone from which it 
was prepared. Some ox bone (rib) recently examined also had 
only a very pale pink colour after strong ignition, not nearly so 
marked as that obtained with many of the synthetic basic phos¬ 
phates. 

The author understands that the ash of hops, malt, etc,, often 
has a slight pink colour which has been shown to be duo to the 
presence of traces of copper, and possibly other similar cases are 
on record. 

Experiments at 100° and Higher Temperalares. 

These were carried out in the hope of obtaining results more 
rapidly and with less difficulty. 

In the experiments at 100°, the solutions were gently boiled in 
a platinum flask (100 c.c. capacity) provided with a long neck, 
around which a small condenser was fitted. Entrance of carbon 
dioxide was prevented by a small soda-lime tube. 

The solutions, being all very dilute, boiled practically at 100°, 
and this method of operating kept the solutions at a constant 
temperature (the metal flask prevents superheating) and also kept 
solid and solution well mixed. It was found that at least four 
weeks! boiling was necessary for the attainment of approximate 
equilibrium (with about 2 grams of solid and 95 c.c. of solution 
present). Satisfactory results were only obtained, as at 25°, when 
the initial mixtures were prepared from calcium hydrogen phos¬ 
phate, CaHP0 4 ,2H 2 0, lime, and water. Expt. 5, table IT, way car¬ 
ried out in the following special way, which is possible at 100° owing 
to the reaction being more rapid at the higher temperature. Al¬ 
though distinctly troublesome, it has advantages, and results can bo 
obtained more quickly than when all the lime is added at the 
beginning, 

A mixture of 1’72 grams of calcium hydrogen phosphate, 
0‘28 gram of lime, and 25 c.c. of water was boiled for twenty-four 
1 hours in the platinum flask. The solution was then acid, ami a 
solution of 01 gram of lime in 100 c.c. of water was added in 
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portions of 10 c.c. at a lime at intervals of twenty-four hours. In 
this way the solution was kept slightly acid after each addition. 
After the ninth addition it was practically neutral. Then 7 c.c. 
more of i.he lime solution were added (93*3 c.c. theoretically needed 
to form oxyapatite), and the contents of the flask boiled for another 
two weeks before filtration and analysis. The boiling was con¬ 
tinuous during the twenty-five days the experiment lasted, some 
water being allowed to boil away occasionally, so that the total 
volume of solution was about 90 c.c. by the time all the lime had 
been added. 

The solids user] in experiments 10 and 26 of table I had also 
been prepared at 100° in the manner just described. 

The experiments at higher temperatures than 100° were carried 
out by heating suitable mixtures in a large platinum crucible in 
an autoclave to temperatures ranging from 170° to 240°. The 
total time of heating varied in different experiments from twenty- 
three to ninety-seven hours. It was not found possible to obtain 
an autoclave which did not lose water rapidly at these high 
temperatures, and the constant pumping in of more water, which 
was necessary, prevented a very steady temperature being main¬ 
tained. The heating was carried out in the day time and stopped 
at night. Every morning, before restarting, the autoclave was 
opened and the contents of the crucible well stirred, any loss by 
evaporation also being made good. Solid and solution were 
eventually separated and analysed. Since the filtration had to be 
done at the ordinary temperature, it cannot be claimed that the 
results obtained strictly correspond with the equilibrium solutions 
at the autoclave temperatures. Moreover, the amount of solution 
available for analysis (from 6 to 14 c.c. in different experiments) 
was very small considering the dilution. 

The autoclave solids consisted, in the main, of very fine, crystal¬ 
line material (apparently tiny prisms). In most cases some ghosts 
of CaHPO^SBoO crystals were present, and sometimes crystals 
(possibly pseudo morphs) of CaHPO.j. Solid 1 contained some 
perfectly fresh CalTPO,, crystals. 

The results obtained in the experiments at 100° and higher 
temperatures are given in table II. They serve at least to show 
that conditions at these higher temperatures are very similar to 
those prevailing at 25°, and they support the conclusions drawn 
from the more numerous results at the lower temperature. 

The Graph Representing the Results at 25°. 

Consideration of the curve reveals several interesting features. 

In the first place, it would appear that the breaks in the curve 
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corresponding with the transition from di~ to tri-calcium phos¬ 
phate and to oxyapatit© ar© not at all Marked, .From this it 
follows that, even at a considerable distance from the transition 
point* there will be relatively little difference in the stability of 
tbe stable and the unstable form. This will help to explain (ho 
great slowness with which the changes dealt with, in this paper 
take place. Note in this connexion the persistence of (he oxy- 
apatite in Expt. 10 (table I). A second very important point 1*> 
note is that, of all the phosphates of calcium, oxyapatite is the 
only one that is not decomposed by water. It can dissolve un¬ 
changed in pure water, although the saturated solution so obtained 

Basic calcium phosphate isotherm at 25"*, 



would be extremely dilute, the point on the curve corresponding 
with it probably falling very near to the origin of co-ordinates. 
The dotted line in the figure corresponds with solutions in which 
the ratio P 2 0 5 per cent./C'aO per cent, has the same value (0*761). 
as it has for oxyapatite itself, and, as is evident, it cuts the oxy- 
apatite solubility curve. If similar lines are drawn for tri-, di-, 
or mono-calcium phosphates, it is found that in no case do they 
cut the corresponding solubility curve. Those three compounds 
are all decomposed by pure water. 

In this connexion, it is worth referring to a paper by Warring¬ 
ton (Journ. Ghem . Sac*, 1873, 26, 983), in which it was shown that 
by repeatedly extracting tricalcium phosphate with boiling water, 
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a product was finally obtained which on analysis gave figures very 
near to those; of hydroxyapatite. More recent work of Buell 
(Zeifseh, anory. Okem, 9 1907, 52, 323) on the decomposition of 
dicalciuiu phosphate by water also appears to indicate that 
oxy- (or hydroxy-) apatite is the final product of such decomposi¬ 
tion, although most of his experiments stopped short of that point. 

Another interesting feature of the oxyapatite solubility curve 
is that it extends from markedly acid, through neutral, to 
markedly alkaline regions. Oxyapatite is the only calcium phos¬ 
phate that can exist in stable equilibrium under such varied con¬ 
ditions. The region of acidity which it covers is of very great 
practical importance. 


The Add from which Hydroxyapatite is Derived. 

It seems possible from the extreme slowness with which tri¬ 
calcium phosphate is formed as compared with the diealemm com¬ 
pound that the molecule is really a polymeric]e of the simple 
CagPjjOg. The compound Ca ;i P 2 O a is usually considered a 
u normal ” salt, whilst oxyapatite would be called a “basic” 
salt. Nevertheless, there is a remarkable similarity between 
■the two compounds, both as regards the difficulty and slow¬ 
ness of their formation and as regards their general properties. 
This would suggest that the difference between acid, normal, and 
basic salts is not necessarily of the kind generally assumed. The 
usual view seems to be that in a “ basic ” salt, the part of the base 
over and above that required to form what is considered to be 
the “ normal ” salt plays a different role in the molecule from that 
played by the rest of the base. This is brought out by the method 
of formulation—(Ca H P 2 0 8 ) 3 CaO—which is customary, but which 
the author thinks is not good. He would suggest/ that oxy- (or 
hydroxy-) apatite, and possibly even tricalcium phosphate, are 
related to mono- and di-calcium phosphate rather in the same way 
that an orthophosphate is related to a pyrophosphate. Hydroxy¬ 
apatite may well be a salt of an acid, H n P a O ia , in which one acidic 
hydrogen is still unneutralisea. The remarkable difficulty with 
which some of the water in these preparations is expelled seems 
more in keeping with the view that it is directly associated with 
the acid rather than with the base. It would then be comparable 
with the u water of constitution ” of certain silicate minerals which 
is often regarded as being directly associated with the silicic acid. 
The halogen in chloro- and lluoro-apatite would then have to be 
regarded as, being directly attached to the phosphorus, and this 
view does not seem impossible, and is strengthened, by the exist- 
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ence of compounds such as CaO,2POGL (Bassett and Taylor, T., 
1911, 99, 1402), which appears to be a ehlorouleiivative of mono- 
calcium phosphate, CaO,2PO(OII) ;j , usually formulated as 
CaH 4 P 2 0 a ,H 2 0. It is perhaps worth noting that if the deficit; in 
the oxyapatite analyses is all clue to water, it in. sorno oases 
approximates to the 3*52 per cent, required for a coin pound, 
(Ca 3 Po0 s ) ; .Ca(0Ii) 2 ,H 2 0. If all the hydrogen in such a compound 
were acidic, the corresponding acid would be H 24 P (; 0 27 = 3 (IT^h (}<>). 
Now I"I 8 P 2 09 is, of all the phosphoric acids, the one which has the 
greatest range of existence. It is readily obtained in the crystal¬ 
line condition, and can exist in stable equilibrium with phosphoric 
acid solutions from about —100° to *f 27°. It has always seemed 
to the present author that more than six of these eight hydrogen 
atoms should be replaceable by metals. No evidence has been 
obtained in. the present investigation that all of them can be 

replaced by calcium—in the presence of water, that is to say.. 

although at first experiments seemed to indicate that ; but may 
it not be that the “ oxy apatite ” solids are really derived directly 
in this way from H s P 2 O 0 'l 

When considering the tenacity with which some of the water 
is held in the hydroxyapatite preparations, it must, of course, be 
borne in mind that this may he partly due to adsorption effects. 
The preparations are probably amorphous, and amorphous com¬ 
pounds sometimes retain water with great persistence. It is not 
thought that such an explanation will suffice in the present case, 
but its possibility undoubtedly complicates the problem. 


The Nature of Bone Phosphate, 

Blood serum and animal tissues in genera,! have a very nearly 
neutral reaction. The conditions under which bone is deposited 
are, of course, more complex than those considered experimentally 
during the present investigation. It is deposited from a solution 
containing several metals other than calcium—more particularly 
sodium, potassium, and magnesium; carbonate and chloride are 
also present, so it is not surprising that all of these are found in 
bone. The solubility relationships which hold for the simple 
system Ca0-P 2 0 5 -H 2 0 will undoubtedly be modified to some extent 
by the presence of additional salts, but there is reason to think 
that conditions in the complex system—“ bone-fluid from which 
it is deposited 75 —will be very similar to‘ those in the simple system, 
As hydroxyapatite is the stable phase at the degree of acidity 
characteristic of animal tissues, it is to be expected that it is the 
essential constituent of bone phosphate. However, it is not by 
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any means easy to say definitely that it is. In particular, it is 
difficult to say in what form the carbonate is present. 

Several papers have been published claiming the existence of 
minerals (“ dahllite,” <f podoJite,” etc.) of the calcium apatite group 
will'll the halogen partly or entirely replaced by carbonic acid 
(Brogger and Baekstrom, ZeiUch . Kryst. Min., 1890, 17, 426; 
from Ofv, Vet. A had. fork., 1888 , 493 ; Schwanike, Centr . Min., 
1905, 641; Tschirwinaky, ibid ., 1907 , 279 ; Sdialler, Amer. J. Sri., 
1910, [iv], 80, 309; Rogers, ibid., 1912 , [iv], 33, 475). Whilst 
the evidence brought forward in these papers is perhaps not quite 
as satisfactory as could be wished, it does seem to indicate the 
possible existence of such carbonate-apatites. 

Several papers deal with the question of bone carbonate. 
Gabriel (Joe. eit.), Alby (J. pr. Ghent., 1872, [if], 5, 308, also Ber., 
1874, 7, 555), and Gassmann (Zeitsch. physiol. Ghent., 1910, 70, 
161) have suggested that the carbonate present in bone is com¬ 
bined with the phosphate, but so far no very satisfactory con¬ 
clusions have been reached on this point. A number of Gabriel’s 
analyses of bone phosphate prepared by his method (digestion of 
dry powdered bone with a glycerol solution of potassium hydroxide 
at 180—200°) are given in the following table: 

Ox teeth B. 

_ _ , ..j.„_ 


Per cent, of 

Human 

bone. 

Goose 

bone. 

Ox 

bone. 

Ox 

tooth *4. 

Enamel. 

Rest of 
tooth. 

CaO _ .......... 

51-31 

51*01 

51*28 

50*70 

51*98 

50*36 

MgO .. 

0*77 

1*27 

1*05 

1-52 

0-53 

1*83 

K*0 .... 

0*32 

0*19 

0*18 

0-20 

0*20 

0*14 

3STa*0 ... 

1-04 

1*11 

1*09 

1*16 

M0 

0*80 

Wator of crystallisation 

2*46 

3*05 

2*33 

2*21 

1*80 

2*90 

p a o ft .. 

30*65 

38*19 

37*46 

38*88 

39*70 

38*60 

00, .. 

5*80 

4*11 

5*06 

4*09 

3*23 

8*97 

Cl . 

0*01 

0*00 

0*04 

0*05 

0*21 

0*03 

Water of constitu¬ 
tion* . 

1*32 

1*07 

1-37 

1*27 

1*17 

1-25 

Total, . 

09*74 

100*06 

99*80 

100*14 

99*92 

99*88 


* This was obtained by strong ignition with silica. 


Gabriel states that the potash present has not been derived from 
the potassium hydroxide used in the preparation, and that the 
composition of ordinary ignited bone ash is practically identical 
with that of the “ glycerol ash ” if calculated to the same carbon 
dioxide and water content. The glycerol method undoubtedly 
gives a very good product. It is a white powder showing the 
structure of the original bone and almost entirely free from organic 
matter, Gabriel noticed that on heating the “ glycerol ash over 
a small flame in a platinum ‘crucible, carbon dioxide began, to be 
evolved even when the bottom of the crucible was not red hot. 
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This led him to suppose that the carbon dioxide was present, not 
as calcium carbonate or magnesium carbonate, but as a phosphate* 

carbonate. 

In the table on p. 639 are set out some figures derived from 
G-abrieFs analyses which seem helpful in arriving at a decision as 
to the probable nature of bone phosphate. The “total equivalent. 
CaO ” is the actual amount of lime plus that equivalent to the 
small amounts of soda, potash, and magnesia also present: 

The several P 2 0 5 /Ca0 ratios in the above table have been ealou ■ 
lated (<f) from the percentage of actual lime in the several samples; 
(h) from the total equivalent lime; (c) from the total equivalent 
lime after deducting lime equivalent to all the carbon dioxide as 
calcium carbonate; (d) from the total equivalent lime after deduct¬ 
ing lim© equivalent to all the carbon dioxide in the form 
of bicarbonate; and (<?) from the total equivalent lime on the 
assumption that all magnesia, soda, and potash are present as 
bicarbonate and the rest of the carbon dioxide as calcium 
carbonate. 

The traces of chlorine present have been ignored in making the 
calculations. They are so small in amount that they would make 
no appreciable difference to the results. 

After considering all the available evidence, it seems to the 
present author that the following is the most reasonable assump¬ 
tion to make as to the nature of bone phosphate: “The mineral 
constituents of bone consist in the main of hydroxyapatite, 
(Oa 3 P 2 ^ 8 ) 3 ^ a (OH) 2 , mixed with a certain amount of calcium 
carbonate. In addition to these chief constituents, there are also 
small amounts of the bicarbonates of magnesium, sodium, ami 
potassium, which appear to be merely adsorbed, by the phosphate, 
carbonate aggregate. The small amount of chloride also present 
is probably also adsorbed in the form of sodium chloride, although 
it may be present as chloro&patite.” 

The work described in the present paper seems to show that 
hydroxyapatite is the only calcium phosphate which, could possibly 
be stable under the conditions of bone formation,, whilst the con- 
ditions also make it practically certain that calcium carbonate 
could be deposited simultaneously with the hydroxyapatite. The 
finely divided, possibly amorphous, character of the phosphate, 
carbonate aggregate makes it certain that it will adsorb, not only 
water, but also some soluble salts from the fluids which bathe it, 
and it seems probable that the presence of small amounts of 
' magnesia, soda, and potash is best accounted for in this way. The 
traces of chloride present would probably also be held by adsorp¬ 
tion. ' Other possibilities than the one just mentioned are rendered 
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unlikely by the values of the several T\.O^/0aO ratios i abulaio.il 
above. 

(a) These ratios would correspond with the e.;mo of nil the soda, 
potash, and magnesia being present an carbonate or hi ear hen mtm 
and any remaining carbon dioxide being combined with the 
calcium phosphate. In the case of ox teeth .1 a.ad J$> Urn ratios 
SO' obtained are reasonable, but the other values are so basic as In 
suggest tlie presence of some calcium carbonate as such. .As, on 
general grounds also, it is difficult to think that calcium carbonade 
is not formed in all cases, the assumption that a carbon a fco-apatitc. 
is formed seems unsatisfactory. 

(b) Those ratios correspond with the replacement of a certain 
amount of lira© by soda, potash, and magnesia in a complex, phos¬ 
phate, which also contains all the carbon dioxide in combination. 
A phosphate corresponding with such highly basic values is most 
improbable in view of the results of the experiments quoted in 
this paper. 

(c) These values, obtained on the assumption that all the carbon 
dioxide is present as normal carbonate (NtwCCL, EhOO.,, MgCXX, 
and OaC0 3 ), are too acid, whereas 

(d) The figures obtained if it is assumed that only bunubonates 
are present are too basic, and, moreover, the presence of any 
calcium bicarbonate is unlikely. 

(e) These ratios correspond with the case which, as already 
indicated, seems most reasonable. The figures are as near the 
value 0*761 for hydroxyapatite as can be expected. 

The ease with which some at least of the carbon dioxide present 
in bone phosphate is expelled by gentle heat is in good agreement 
with the view that bicarbonates of sodium, potassium, and mag 
nesinm are present, whilst the suggestion that tliese compounds 
are merely adsorbed by the phosphate, carbon aggregate is 
strengthened by the following experiments. 

Some bone phosphate was prepared by Gabriel’s method from 
ox bone (pelvis), from which fat was first removed by slinking 
with ether. Two separate quantities of the bone phosphate ware 
shaken with distilled water in. cerasin wax bottles in the thermostat 
at 25°. The solutions were separated and analysed after sixteen 
and nineteen months respectively. In each case the solution was 
neutral to litmus paper, but on evaporation in a platinum basin 
gave a strongly alkaline residue which consisted of carbonates of 
calcium, magnesium, sodium, and potassium, with only a mere 
trace of phosphate. Details are as follows: 

Expi. L —Two grams of bone phosphate and 100 c.e. of distilled 
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water were shaken at 25° for sixteen months. At the end of this 
time the solution was found to contain: 

CaO —0*00326 per cent. 

MgO = 0*00288 

and (Na 2 0 + K 2 0) equivalent to CaO = 0*00176 per cent. 

The two alkalis were not determined separately, hut there 
seemed to be a good deal more soda than potash present; O’OOOS 
per cent, of phosphoric oxide was also found, but this cletermina 
tion is not very trustworthy, and possibly no more phosphoric 
oxide was actually present than was found in Expt. IT. 

Ex'pt. II ,—Six grams of bon© phosphate and 85 c.c. of distilled 
water were shaken at 25° for nineteen months. The solution was 
then found to contain: 

CaO =0*00286 per cent. 

MgO =0*00675 
Na 2 0 = 0*00743 

K a O =0-00703 

P 2 Ofi =0*00005 

Were the bone phosphate a single compound or even a simple 
mechanical mixture of compounds, the composition of the equil¬ 
ibrium solution (and it is probable that sixteen months was long 
enough for equilibrium to be attained) should not be affected so 
greatly by variation in the proportion of solid phase to solution. 
Such behaviour was to* be expected, however, if the magnesia, 
soda, and potash were merely adsorbed by the bulk of the solid. 
The variation in the amount of lime present in the two solutions 
is much less, and is such as might easily be due to the different 
amounts of other salts present. 

Calcium Phosphates in the Soil, 

Almost all that has been said in connexion with bone phosphate 
can be applied nearly word for word to the case of phosphates in 
the soil. The range of acidity or alkalinity in most ordinary soils 
comes well within the range over which hydroxyapatite is the 
stable calcium phosphate, and it seems certain that it is the only 
such phosphate that can exist permanently in the soil. Any other 
phosphate added to it will be converted into hydroxyapatite with 
greater or less readiness according to circumstances. It has long 
been recognised that monocalcium phosphate added to the soil in 
superphosphate very quickly ceases to be present as such, although 
it is generally stated to revert to tricalcium phosphate. By add¬ 
ing the phosphate in the form of superphosphate, the hydroxy- 
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apatite is obtained in a finely divided state, which, is important 
owing to its sparing solubility. Finely ground basic slag when 
added to the soil will also be converted fairly quickly into 
hydroxyapatite, whether it contains tetracalcium phosphate, as 
has been suggested, or some other compound possibly more closely 
related to hydroxyapatite. 

It is highly probable that the earthy phosphorites and coprolites 
are impure mixtures of hydroxyapatite and calcium carbonate, 
and it is known that when extremely finely ground they give 
satisfactory results when used directly as fertilisers. 

Under the conditions which have led to the accumulation of 
phosphatic deposits, a certain amount of replacement of the 
hydroxyl of hydroxyapatite by chlorine or fluorine lias occurred, 
owing no doubt to the action of saline solutions. Whether this 
also occurs to some extent in normal soils is not easy to say. 

Summary. 

(1) Two, and only two, phosphates of calcium more basic than 
dicalcium phosphate exist which can be in stable equilibrium with 
an aqueous solution at 25° (and probably at any temperature). 

(2) These are tricalcium phosphate, Ca 3 P 2 O s , and hydroxy¬ 
apatite, (Ca 3 P 2 0 8 ) 8 Ca(0H)2. 

(3) Cameron, Seidell, and Bell (Joe. cit.) are wrong in their 
assumption that only a series of solid solutions exists in this region 
of the system Ca0-P 2 0 3 -H 2 0, 

(4) Hydroxyapatite is the stable solid phase over a range of 
acidity of great practical importance, as it can exist in contact 
with faintly acid, neutral, and alkaline solutions. 

(5) The nature of bone phosphate is discussed. It is ctmsidorod 
to be a mixture of hydroxyapatite and calcium carbonate with 
small amounts of adsorbed bicarbonates of sodium, potassium, and 
magnesium. 

(6) It is probable that hydroxyapatite is the only calcium phos¬ 
phate that can permanently exist under normal soil conditions. 

The platinum flask used in some of the experiments quoted in 
this paper was purchased by a grant made by the Research Fund 
Committee of the Chemical Society, and for this the author wishes 
to express his thanks. 

University College* 

Reading. 
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LVIL— u JSpm'k-Lengths ” in Various (rases and 

Vapours, 

By Robert Wright. 

The different factors affecting the phenomenon of electric dis¬ 
charge through a gas have formed the^subject of a large number 
of investigations. The object of these investigations was generally 
the determination of the inter-relationship of such factors as 
length and nature of spark, voltage, and gas pressure. They have 
involved a great amount of work and have been spread over a 
long period of time; still, for the most part they have been 
limited to the examination of the discharge through a few well- 
known gases, such as air, oxygen, nitrogen, carbon dioxide, or 
hydrogen. The rather considerable difficulty of the exact deter¬ 
mination of voltage has prevented the extension of the investiga¬ 
tion to a larger number of gases. A general survey of the subject 
from the physical point of view will be found in Professor Sir J. J. 
Thomson’s “ Conduction of Electricity through Gases.” 

The only important attempt to extend these observations to a 
wider chemical field was made a number of years ago by Natterer 
(Ann, Phys, Ohem 1889, [iii], 38, 663), who examined the spark 
discharge through a number of gases and vapours at atmospheric 
pressure, using as a source of current a small induction coil 
actuated by a battery of dichromate cells. The measurements, 
which were carried out in order to determine the length of spark 
obtainable in different gases and vapours for a given potential of 
spark discharge, are open to two serious objections. In the first 
place, the spark used in all cases was the longest which the coil 
would give, and the only attempt made to render the potential 
constant was the frequent renewal of the exciting liquid of the 
driving cells; it is obvious that under such conditions the voltage 
must have varied to a considerable extent. Further, the various 
substances were examined at very different temperatures; gases 
were used at ordinary temperature, whilst vapours were 
examined at temperatures varying between 80° and 271°. More¬ 
over, the spark gaps used were not all of the same form, some being 
mad© of simple platinum wires, whilst others were of the more 
usual type with spherical ends. 

The effect of temperature on the spark has been worked out by 
Harris (PML Tram,, 1834, 124, 230) and Cardan! (Bend, Accad, 
Lined , 1888, 6, 44), both workers arriving at the same result. 
They found that temperature had no effect on the spark provided 
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that the number of molecules pel" o.e. of the given gas roniainocl 
constant. That is to say, if the spark gap he 'enclosed in a gas- 
tight vessel, then the voltage, required to produce a spark will be 
quite independent of the temperature. If, however, tho vessel be. 
left open, so that the gas can expand at atmospheric pressure, thou 
increase of temperature causes increases of spark length for a 
given voltage. The effect is exactly the same as if the gas con¬ 
centration had been reduced by lowering the pressure in the 
ordinary way, the temperature remaining constant. In the present; 
work a 20 nim. gap at 100° was found to correspond with 15 mm. 
at 13°, and 20 mm. at 183° wdth 5 mm. at 18°. 

In the present investigation the vapours of a number of simple 
organic substances have been sparked, the following precautions 
being observed: (a) The form of gap used was the same in each 
case, consisting of two brass spheres 5 mm. in diameter mounted on 
rods of 3 mm. diameter, (h) The temperature was kept the same 
throughout any series of comparisons, (c) A fairly constant 
voltage was arranged for by having an air gap of similar form 
and definite length coupled in parallel with the vapour gap, both 
gaps being at the same temperature. In a measurement the length 
of the vapour gap was adjusted, so that on carefully raising the 
potential it sparked equally with the standard air gap. Thus 
the measurements may be taken as representing the insulating 
powers of the various substances relative to that of air at the 
same temperature and pressure. 

During the first part of the investigation several measiu\mie.nis 
were made by comparing vapours at their boiling points with air 
at the same temperature. Tins method was abandoned for 
several reasons. In the first place, the heating of the standard 
air gap in the vapour of the boiling liquid necessitated tho 
us© of the latter in a quantity sufficient to provide a. vapour- 
bath for the standard gap, a procedure which was rather expensive 
in the case of several of the substances used. Secondly, it was 
found to be impossible to keep the electrodes of the vapour gap 
free from condensed liquid, so that the spark took place not only 
through the vapour, but also through two layers of liquid of un¬ 
known thicknesses. This condensation effect was worst when the 
gap was arranged vertically, the upper electrode being then 
covered with a heavy hanging drop, but it was also present when 
a horizontal gap was employed. Finally, since temperature has 
a considerable effect on the voltage required to pass a spark 
across the standard gap, it is evident, by using liquids of different 
boiling points, a considerable variation of potential is introduced 
into the series of measurements. 
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Although it would have been somewhat more convenient to 
have kept the air gap at, the ordinary temperature throughout 
the whole of the measurements, while the vapours of any given 
series were heated to a second definite temperature higher than 
the boiling point of the least volatile member, and although by 
such an arrangement the same potential would—within the limits 
of accuracy of the method—be applied to each vapour, still it 
was thought advisable to heat the air gap to the same tempera¬ 
ture as the vapour, as by so doing w© are dealing with the same 

number of gas molecules per unit volume in each case, and so 
obtain better conditions for comparative measurements. Whether 
the air gap is heated or not, it is of the first importance that all 
vapours with which comparative measurements are being made 
should be at the same temperature. 

The standard gap was mounted in a vertical glass tube of 
15 ram. internal diameter surrounded by a vapour jacket. The 
lower electrode passes into a cork at the end of the tube, and 
is kept centred by being threaded through two cork disks which 
fit easily inside the tube, the disks being notched to admit the 

free passage of air. The upper end of the tube is left open and 

is ground flat; the upper electrode is also fitted with cork disks, 
and is held in position by means of a sliding stop which can be 
clamped on to the electrode, and acts against the ground-off end 
of the tube. In order to fix the air gap at a definite length, the 
upper electrode is removed and a small brass cylinder of the 
desired length (2 or 3 cm.) is lowered by means of a thread on 
to the top of the lower electrode; the upper electrode is then 
replaced so that it rests on the top of the cylinder when the stop 
is adjusted against the ground end of the tube and clamped to 
the electrode. The electrode is once more removed, the cylinder 
withdrawn, and the electrode reinserted. This method of adjust¬ 
ment was found much more convenient than working with a 
cathetometer, as it allows ready and accurate change of gap being 
made during the measurements; moreover, there is considerable 
difficulty in using a cathetometer with a vapour-jacketed tube, as 
the latter is generally covered with drops of condensed liquid 
which render accurate measurement impossible. The lower end of 
the tube surrounding the gap was fitted with a side-piece through 
which filtered air could be driven by means of a foot bellows, the 
object being the sweeping out of ionised air produced by the 
passage of the spark. 

The tube used for the sparking of gases was the same as 
the air gap, except that the upper end was closed, with a cork 
and fitted with a side-tube, the gas being led in from above or 
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below according as its density was less or greater Ilian that of 
air. 

The arrangement used for the vapour gap resembled a Victor 
Meyer vapour density apparatus,, as can be seen from the figure. 



Standard air-gap. Vajwur gap , 


The vapour heating jacket was closed at the lower end by a rubber 
stopper, through which passed a copper wire, the stopper being 
covered with a layer of mercury which served not only to protect 
the rubber from the action of boiling vapour, but also to form 




VARIOUS GASES ANT) VAPOURS. 


647 


electric contact with the outside of the jacket by means of the 
wire through the stopper. The sparking chamber consisted of a 
glass tube of 15 mm. diameter and 10 cm. long. It was closed at 
its lower end by -means of a wood stopper and its upper end was 
joined to a tube 30 cm. long and of 4 mm. bore, this tube being 
in turn joined to a short length of somewhat wider tubing. The 
lower electrode passed through the cork in the bottom of the 
vessel and made contact with the mercury layer in the vapour 
jacket; the upper electrode, centred in the usual manner by means 
of a cork disk, passed through the narrow tube, which it almost 
filled, and was held in position at the upper end by means of a 
cork which was slotted down the side to admit of the escape of 
vapour. The entire arrangement was held in the vapour jacket 
by means of a split cork. The form of sparking vessel just 
described was found more suitable than one of more rigid pattern 
with sealed in electrodes; for it is very necessary to be able to 
take the apparatus to pieces to admit of proper cleaning, as many 
of the substances examined decompose under the action of the 
spark, and, moreover, the electrodes require to be polished at 
frequent intervals. 

In carrying out a determination, the standard air gap and the 
vapour gap, together with a second adjustable air gap, are 
arranged in parallel, and all three are connected with an induc¬ 
tion coil. The third gap serves the purpose of varying the poten¬ 

tial; it is almost closed at the beginning of an experiment, so 
that, on switching on the coil, sparks only pass across the variable 
gap, and as the electrodes of this gap are moved apart, the poten¬ 
tial rises until at length a spark passes across one of the other 

gaps. 

The liquid in the two vapour jackets having been heated to 
boiling, a small quantity of the substance under examination is 
placed in the sparking vessel, which is then fixed in position in 
its vapour jacket, care being taken that the lower electrode makes 
contact with the mercury layer at the bottom of the jacket, and 
through it with the induction coil. The liquid in the sparking 
vessel at once begins to boil, and by so doing drives the air out 
of the vessel; in a short time the liquid will have disappeared, 
leaving the vessel full of dry vapour at the temperature of the 
heating jacket. The coil is now switched on, and the electrodes 
of the adjustable gap—which should be sparking strongly— 
gradually drawn apart until a spark crosses one of the other gaps. 
If the standard gap sparks first, fresh air is blown across it by 
means of a foot bellows, and the vapour gap reduced slightly in 
size, when the process is repeated, until at length both the 
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standard and vapour gaps spark siimtliancrmslv. li is udvnsablo 
to begin the measurement with the vapour gap wide upon and 
gradually lo reduce its size until it just balances will? the air 
gap, tire reason laving t.lin.t many of Urn vapours decompose' with 
the passage of the first spark, thus necessitating the removal and 
cleaning of the sparking vessel before the measurement earn be 
proceeded with. When the two gaps balance, (ho vapour vessel 
is removed from its jacket and the distance between the elec¬ 
trodes measured, either using a c.athetojnetor or .more simply by 
winding two gtraiglit-cclged paper slips round the s.parking vessel 
so that they form bands, which are then held in position by rubber 
rings; the paper bauds are thou slipped along the glass tube of 
the sparking vessel until their straight edges lie in the same 
planes as the ends of the electrodes, when it is obvious that the 
distance “between the bands is the same as that .separating, the 
electrodes. After measuring this distance, the sparking vessel is 
cleaned out and a fresh determination proceeded with. 


Table of Relative Sfcirh Lengths in mm. 



Air gap 

Air gap 

Tempera- 

Substance. 

30 mm. 

20 mm. 

lure. 

Methane . 

29 

20 

100° 

Methyl chloride. 

24 

16 

100 

Methylene chloride . 

9 

6 

100 

Chloroform.. 

5 

3*5 

100 

Carbon tetrachloride .... 

1-5 

1 

100 

Methyl bromide . 

12 

9 

100 

Methyl iodide . 

8*5 

5*5 

100 

Ethane ... 

24 

18 

1.00 

Ethyl chloride . 

21 

16 

100 

Ethyl bromide . 

9 

6*5 

300 

Ethyl iodide . 

6*5 

4*5 

100 

Ethylene .. 

35 

27 

100 

Acetylene . 

32 

26 

100 

Water 

40 

36 

138 

Methyl alcohol .......... 

30 

26 

138 

Ethyl alcohol....... 

23 

19 

138 

wPropyl alcohol. 

18 

15 

138 

isoButyl alcohol .. 

16 / 

13 

138 

Ethyl formate . 

14 

__ 

138 

Ethyl acetate ... 

11 

-— 

138 

Ethyl propionate. 

8 

— 

138 

Carbon dioxide. 

16 

H 

100 

Sulphur dioxide ....... 

30 

6 

100 

Carbon disulphide....... 

8 

5 

100 

Hydrogen sulphide ..... 

17 

12 

100 
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No claim for great accuracy of the results, is put forward. Each 
figure tabulated is the mean of several readings, which never 
varied among each other by less than 10 per cent., and some¬ 
times by a greater amount. Still, it is obvious that for any series 
of comparable, substances, increase of molecular weight is accom¬ 
panied by increase of insulating power, but the method is not 
sufficiently accurate to' determine whether the property is a purely 
additive one or not. It should be noted that the spark-lengths 
corresponding with the 20 mm. air gap are seldom exactly two- 
thirds of the values obtained with the 30 mm. standard, and in 
some cases vary greatly from that amount. In other words, the 
curves connecting potential and length of spark for different gases 
may intersect one another. This result was actually obtained in 
the case of carbon dioxide and air (both gases being at the 
ordinary temperature), as will be seen from the following figures, 
which give the spark lengths in centimetres: 

Air .. 1 2 ;& 4 5 G 7 S 

Carbon dioxide .. 0-5 1 1-6 4-8 5*5 6-5 7-5 8-5 9*5 

It will be seen that at low potentials carbon dioxide is a better 
insulator than air, whilst at higher potentials the reverse is the 
case. 

The purification of the substances scarcely requires mention, as 
they are all well-known compounds. Methane and ethane were 
prepared from the respective alkyl iodides, whilst the other sub¬ 
stances were obtained and purified by the ordinary methods. 

An attempt was also made to measure the spark-length for 
several of the substances in the liquid state. For this purpose, the 
upper electrode was mounted on a micrometer screw, so that the 
spark-length might be measured accurately. The results, how¬ 
ever, did not prove satisfactory; several of the liquids formed 
electrolytic conductors, possibly on account of impurities derived 
from the electrodes, whilst the few that were measured did not 
yield concordant results. It is scarcely to be expected, however, 
that any simple agreement could exist in the case of liquids, for 
not only has the extra factor of surface tension been introduced, 
but, in addition, the simple relationship between the number of 
molecules and the volume which holds for gases no longer exists. 

In conclusion, I should like to thank Professor W. B, Morton 
for the interest which he has shown in these measurements. 

Physical Chemical Laboratory, 

Glasgow University. [Received, June 1 1th, 1917.] 
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LVIII .—-Constitution of the Salts of s -Alkylthio- 
carbamide s. 

By John Taylor. 

Compounds of tliiocarbamide with alkyl haloids were first described 
by Claus (Ber., 1874, 7, 236; 1875, 8, 41; Annalen, 1875, 179, 
145). The work was reviewed and extended by Berntlisen and 
Klinger (Ber. } 1878, 11, 492; 1879, 12, 575), who showed that the 
alkyl group was linked to the sulphur atom of thiocarbanii.de, 
formulating the substance thus, NH 2 'C(INH)*B*K,J1X; the com¬ 
pound with benzyl chloride was further examined by E. A, Werner 
(T., 1890, 57, 283). Other investigators have examined the addi¬ 
tive products of alkyl haloids with substituted thiocarb amides. 

An additive compound of thiocarb amide and ethyl oxalate has 
been described by Nencki ( Ber 1874, 7, 780). 

Werner (loc. cit.) transformed thiocarb amide benzyl chloride to 

sulphate by the use of sulphuric acid, CSN 2 H 4 ,C 6 H 5 *CH 2 C1 
(CSN 2 H 4 ) 2 (C 6 H 5 *CH 2 ) 2 S0 4 . He also records the transformation of 
thiocarb amide allyl bromide to sulphate by heating its alcoholic 
solution with silver sulphate^, 

CSN 2 H 4 ,C 3 H 5 Br (CSN 2 H 4 ) 2 (C 3 H 5 ),S0 4 . 

Arndt (Anncilen, 1911, 384, 331) prepared several salts of 
^-thioureas by combining them with various acids. He, however, 
was content with preparing the salts, and gave no indication of 
their structure: 

nh 2 -c(:nh)-sr+hx -> nh 2 -c(:nk)-sr,hx. 

The present investigation seeks to extend the range of additive 
compounds, to suggest a structure indicating the position of the 
acidic group, and to show that compounds similar to the direct 
additive products may be prepared by indirect means. 

It has now been found that tliiocarbamide unites additively with 
alkyl sulphates, nitrates, and thiocyanates. These additive pro¬ 
ducts were obtained by heating together, in alcoholic solution, 
tliiocarbamide and a slight excess of the required ester. 

Methyl esters combined most readily; next in order came benzyl 
esters, and lastly ethyl esters. This order is the same as holds in 
the case of combination of thiocarb amide with the alkyl haloids. 
It is probable that this order corresponds with the order of ease 

* This nomenclature is used instead of the more cumbrous “ the chloride 
of benzyl-^-thiourea” or “ the, additive compound of benzyl chloride with 
thiocarbamide.’ 5 
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of hydrolysis of the esters. In the case of the thiocyanates, it 
certainly corresponds with the order of ease of transformation of 
thiocyanate to thiocarbimide. In conformity with this view, it 
may be added that ally! thiocyanate, the- most easily transformed 
of all the thiocyanates, combines completely, in the cold, on long 
contact with tliiocarbamide, whilst phenyl thiocyanate, which shows 
no tendency towards transforming to thiocarbimide, gave no 
indication of combination even when boiled with thiocarbamide. 

Substances similar to the additive products may be obtained by 
indirect means; thus the same compound was obtained by (a) com¬ 
bining benzyl chloride with thiocarbamide, and (b) the action of 
barium chloride on thiocarbamide benzyl sulphate. Compounds 
with methyl thiocyanate and nitrate obtained by these methods 
were also identical. 

Since esters of organic acids failed to combine directly with thio¬ 
carbamide, advantage was taken of the method of double decom¬ 
position to obtain them indirectly. Their general sparing solu¬ 
bility in water served to render their isolation quite easy. For ex¬ 
ample, thiocarbamide methyl salicylate was precipitated on mixing 
aqueous solutions of sodium salicylate and thiocarbamide methyl 
sulphate. Under no condition that was tried could methyl 
salicylate be made to combine directly with thiocarbamide. 

When direct addition of an ester to thiocarbamide takes place, 
the alkyl group becomes linked to sulphur. The acyl group may 
enter any one of three possible positions: 




It 


(a.) 


NH 

mi 


2 >C*S*K 

2 I 

x 

(h.) 


M 

XNH S 


>OS-JR, 


(«.) 


which, for convenience may be designated (a) sulphonium, 
(h) carbonium, and (c) ammonium compounds. 

These additive products all behave like salts of a strong base. 
All are more or less readily soluble in water. Their solutions ar© 
neutral to litmus, give picrates on the addition of picric acid, and 
respond to the usual'tests for the acidic ion. As a rule, organic 
compounds which have these acid groups directly linked to carbon 
are not at all freely ionised; thus ethyl potassium, sulphate, ethyl 
oxalate, and ethyl thiocyanate do not respond to the ordinary tests 
for the acid radicles. This universal and strong ionisation of the 
additive products points to the improbability of the carbonium 
form ( b ). 

Two observations point to the improbability of the ammonium 
form. First, 'thiocarbamide benzyl nitrite may be recrystallised 
from boiling water. Compounds which contain a nitrite group 
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directly linked to nitrogen are well known to he unstable. It seems 
unlikely that the compound NO.y N'i1»•C (1N H) • S*II could be 
stable enough to be recrystallised from boiling water. Secondly, 
solutions of tliiocarbamide methyl thiocyanate and of thiocarb- 
amide benzyl thiocyanate, were evaporated repeatedly to dryness, 
and the substances fused without any noticeable change in proper¬ 
ties. Amine thiocyanates when heated undergo transformation to 
thiocarbamides, NH s Ph-SCN > NHPh-CS-NH 2 , NH 4 SCN —> 
XH 2 9 0S*NTI 2 . A compound of the type K^S'C^NJIJ'NH.pSCN 
should yield with ease R*S*C(tNH)’NH*CS*NH 2 > which, in turn, 
would give hydrogen sulphide to an alkaline solution of a lead 
salt. The thiocyanates- mentioned above gave after such treat¬ 
ment no trace of lead sulphide when heated with an alkaline sol in 
tion of lead acetate. Hence iu these products, which were 
obtained either by direct addition or by double decomposition, the 
acidic group does not form an ammonium compound. 

The only remaining possibility is the sulphonium linking. Here 
both alkyl and acyl groups unite directly with sulphur, thus: 
<NH 2 ) 2 CS + RX —> (NH 2 ) a C:SKX. This‘view of the grouping 
is not opposed to any of the observed facts. 

Sulphonium compounds are well known, and are either well- 
marked bases or salts. Their properties are very similar to those 
of the tliiocarbamide additive products. Both are crystalline and 
soluble in water. Their solutions are highly ionised, and hence 
new salts may be prepared by double decomposition, consequently 
there is nothing improbable in the idea that these compounds are 
sulphonium salts. 

Werner (T., 1912, 101, 2184) considers it probable that tliicn 
carbamide, under the influence of strongly ionised acids, gives an 
ammonium compound, XNH 3 * C (I Nil) • S • R. In this connexion, 
interesting observations were made with benzyl additive com¬ 
pounds, and it seems possible that with these both ammonium and 
sulphonium forms of compounds with strong acids may exist. Two 
distinct tliiocarbamide benzyl sulphates were obtained, otie, already 
described by Werner (Joe. by heating together tliiocarbamide , 
benzyl chloride and sulphuric acid^^nWtbe^'dthei by heating an ‘ 
alcoholic solution of thiocarbalhide benzyl chloride with silver* 
sulphate. The two forms give identical analytical figures for 

sulphate, 1 ” but show many differences.- Werner’s sulphate melts 
at 144—145,* is exceedingly readily soluble in alcohol, and crystal¬ 
lises from its alcoholic solution in stout rhombs. The compound 
from silver sulphate melts at 180—181°, is sparingly soluble in 
alcohol, and crystallises from this solution in long needles. Each 


* Werner gives 132—133°. 
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may be transformed into- i.he other, Werner's to the sulphate of 
higher melting point by boiling with a feebly alkaline substance, 
such as a trace of sodium phosphate, or even by recrystallising 
from boiling water; the substance of higher melting point to 
Werner's sulphate, by heating with excess of dilute sulphuric acid, 
Werner's sulphate was also prepared by dissolving benzyl-^- 
thiourea in excess of dilute sulphuric acid and by heating thio- 
earbamide sulphate, CSN 2 H 4 ,IT 2 S0 4 , with benzyl alcohol. In every 
case, therefore, free sulphuric acid was present when Werner's 
sulphate was prepared. It seems probable that there are two 
isomeric compounds differing from one another in the point of 
attachment of the acid group, free acid determining the ammonium 
form, whilst feeble alkali determines the sulphonium form, thus: 



This transformation is effected by the use of “strong” acids only. 
Thiocarbamide benzyl acetate was recovered unchanged after 
recrystallisation from acetic acid. Werner also states Qoc, cif.) 
that acetic acid has little or no power to' change the configuration 
of thiocarbamide. A similar negative result was obtained with 
the thiocyanate and thioeyanic acid. 

The electrical conductivities of equally concentrated aqueous 
solutions of the two forms of thiocarbamide benzyl sulphate were 
compared. At about 1*5 per cent, concentration, the solution of 
the ammonium form, which is the more readily soluble, conducted 
electricity 3*2 times as readily as the second solution. This great 
difference in conductivity points to differences in structure. More¬ 
over, the ammonium forms melt at a lower temperature than the 
corresponding sulphonium forms. 

There are -similarly two modifications of thiocarbamide benzyl 
chloride, namely, a form of higher melting point produced by 
direct combination of the constituents in a non-ionising solvent, 
such as acetone, melting at 174°, and a form of lower melting point 
(148°) produced from the first by twice recrystallising it from 
hydrochloric acid, in which it is sparingly soluble. The trans¬ 
formation to sulphonium form is less easy than with the sulphate, 
but it may be accomplished by boiling the alcoholic solution with 
sodium phosphate—the aqueous solution is not affected by this 
treatment—and then keeping the resulting crystals in the steam- 
oven for a few hours. 
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Indications of two nitrates were observed. Thus. beuzyl-^-thio- 
nrea dissolved in nitric acid gave, firsts flattened needles melting' 
at 118°; the mother liquors from these gave a much smaller crop 
of nearly square plates melting at 92°. Becrystallisation from 
alcohol converted these to the sulphonium form melting at 118°. 

No indications of two thiocyanates were observed. 

The existence of snlphonium and of ammonium forms appears 
to be confined to the benzyl derivatives. The thiocarbamide com¬ 
pounds of methyl nitrate and of methyl sulphate were recovered 
unchanged after recrystallisation from their respective acids. 

It is noteworthy that when a salt is produced by double decom¬ 
position, the product is nearly always of sulphonium form, whether 
the original material is sulphonium or ammonium. Thus the pro¬ 
ducts of double decomposition of “ sulphonium ” and of 
“ ammonium ” thiocarbamide benzyl sulphate with barium nitrate 
were identical, melting at 118°. The same sulphate of higher 
melting point was prepared by the interaction of silver sulphate 
and either the “ ammonium ” or “ sulphonium ” forms of thiocarb- 
amide benzyl chloride. 

An interesting isomeride of Nencki’s thiocarbamide ethyl oxalate 
was obtained by heating an alcoholic solution of thiocarbamide 
ethioclide with silver oxalate, Nencki’s product may be regarded 
as a molecular compound of ethyl oxalate with thiocarbamide, 
whilst the new compound may be described as the oxalate of ethyl- 
^-thiourea, (NH 2 ) 2 CiSEt*C0 2 ’C02*S’CEt(NH 2 ) 2 , or an ionic com¬ 
pound of the above-mentioned substances. The differences 
between the two are quite sharp, and are such as would be 
expected between a molecular compound of thiocarbamide with, 
non-ionised ethyl oxalate and a highly ionised oxalate of a 
sulphonium base. The former does not yield calcium oxalate 
until after hydrolysis with alkali hydroxide, nor does it give a 
picrate ; the latter readily gives, in aqueous solution, both calcium, 
oxalate and a picrate. The former yields metallic sulphide with 
an alkaline solution of a lead salt and with ammoniacal silver 
nitrate. The latter under similar treatment yields metallic, 
mercaptide and cyanamide, 

(NH 3 ) 3 * Cl SEt* 00 2 * 00 2 * S* CEt(NH 2 ) 2 + 8AgN0 3 + 8NH 4 -OH = 

2EtSAg + 2 Ag 2 ON 2 + Ag 2 (C0 2 ) 2 + 8NH 4 *N0 3 + 8H 2 0. 

A sharp difference in fusibility was noted between the two sub¬ 
stances, Nencki’s melting at 158°, whilst the other melts at 188°, 

This'sharp difference in properties between the two oxalates 
serves to indicate the course of the reaction between salts of thio¬ 
carbamide and other compounds. It was suggested by Dixon and' 
Taylor (T., 1916, 109, 1245) that when thiocarbamide hydro- 
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chloride reacted with acetaldehyde, it was probable that the- acid 
first migrated from thioearbamide to acetaldehyde,, and that the 
acid compound of the acetaldehyde in turn united with free thio- 
carbamide, but no direct proof could be given. 

it is now found that when the thioearbamide oxalate is heated 
with ethyl alcohol, Nenchi's compound results. Clearly ethyl 
oxalate is first formed and this afterwards unites with thiocarb- 
amicle. Therefore the acid migrates from thioearbamide to 
alcohol in this case, and presumably to acetaldehyde in the pre¬ 
ceding case. 

A somewhat similar indication was observed with thioearbamide 
nitrate. When this compound was heated with methyl alcohol 
or with benzyl alcohol, reduction of the nitric acid occurred 
exactly as if the acid had been heated with alcohol without having 
been freed from nitrous acid by heating with carbamide. It is 
evident that the hold of thioearbamide for acid is very feeble. 

Experimental. 

Thioearbamide and Sulphates. 

Methyl Sulphate .—Thioearbamide and methyl sulphate were 
heated together on a water-bath without any solvent. After a 
few minutes a vigorous reaction took place, which was moderated 
by cooling. The product, a brownish-orange paste, was heated 
with alcohol, when a white powder of microcrystalline needles 
was left undissolved. This powder was readily soluble in water. 
The aqueous solution gave all the reactions for a sulphate. When 
it was heated with sodium hydroxide, methyl mercaptan was 
liberated. Alkaline solution of lead acetate gave a yellow pre¬ 
cipitate of lead mer cap tide, but no lead sulphide, Ammoniacal 
solution of silver nitrate gave at first a white precipitate, which 
on heating turned yellow. Silver mercaptid© and silver cyan- 
amide were formed, but no silver sulphide. 

The substance was apparently the sulphate of methyl-^-thio- 
urea, (CSN 2 H 4 ) 2 Me 2 S0 4 . Analysis: 

0*317 gave 0*255 BaS0 4 . S0 4 = 33*14. 

C n H K 0 4 N u $3 requires S0 4 = 33*71 per cent. 

A similar product was obtained by heating thioearbamide 
sulphate with methyl alcohol. Thioearbamide was dissolved in 
half its weight of sulphuric acid, and to this was added excess of 
methyl alcohol. After short heating on a water-bath, a yellow, 
amorphous powder formed which was rejected, and the heating of 
the solution continued until no silver sulphide was formed on 
adding ammoniacal silver nitrate solution to a drop of the liquid, 

D D 2 1 
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On cooling, thin plates separated, which behaved in all respects 
like the direct additive product. Each decomposed at 1135°. 
Each gave a bright yellow picrate (m, p. 221 °) which may be 
recrystallised easily from hot water. 

The latter method of preparing the substance affords a con¬ 
venient method of producing material as starting point for 
obtaining other derivatives of methyl-thiourea. 

Ethyl Sulphate .—This substance reacted with thiocarbamide 
under similar conditions and in just the same way as methyl 
sulphate, except that heating had to be continued for a much 
longer time. 

The sulphate, (OSN 1 >H 4 ) 2 Et 2 SO li , crystallises in tufts of white 
needles melting and decomposing at 202°. Its picrate melts at 
186°. Analysis: 

0*302 gave 0*226 BaS0 4 . S0 4 = 30*86. 

C y XI ls 0 4 N 4 S 3 requires S0 4 = 31*22 per cent. 

An exactly similar product was obtained, but only in small 
yield, by allowing thiocarb amide sulphate and ethyl alcohol to 
remain together in the cold for three or four days. 

Benzyl Sulphate .—An alcoholic solution of thiocarb amide 
benzyl chloride was heated on a water-bath for a few hours with 
silver sulphate. The filtrate gave white, silky needles free from 
chloride which melted and decomposed at 180—181°. These were 
somewhat sparingly soluble in alcohol and readily so- in water. 
The aqueous solution gave the usual tests for sulphate and for 
^-thiourea. The picrate from this substance melted at 183°, as 
does the picrate from thiocarbamide benzyl chloride described 
by Werner (loc. cit.). 

The same sulphate was obtained when either the f< ammonium 1,1 
or “ sulphonium ” form of thiocarbamide benzyl chloride was 
employed as starting point: 

0*249 gave 0*132 BaS0 4 . S0 4 = 21*84. 

O 10 Ho 3 O 4 N 4 S a requires S0 4 = 22*32 per cent. 

The " ammonium ” form was obtained when thiocarbamide 
sulphate was heated with benzyl alcohol on a water-bath for half 
an hour, and the whole allowed to remain lor a day. The result¬ 
ing creamy paste was filtered and the residue crystallised from 
alcohol. The product melted at 143—144°, and agreed in all 
respects with Werner’s sulphate. 

This same form of the sulphate was also prepared by dissolving 
benzyl-t^-thiourea in excess of hot dilute sulphuric acid. On cool¬ 
ing the solution, crystals melting at 143° separated (see* Arndt, 
loc. cit.). 

The specific conductivities of solutions of ff ammonium ” and of 
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“ sulphonium ” ihioearbamide benzyl sulphate were measured in 
a cell the constant of which was O'105. 

With a solution of 2*5 grams in 200' c.c., the solution of the 
“ ammonium ?? form had a resistance of 8*8 ohms, whilst the 
“ sulphouium ” form, had a resistance of 28*0 ohms. The equiva¬ 
lent conductivities are therefore 205*2 and 64*5 respectively. 

Thiocarbamide and Nitrates. 

Methyl Nitrate .—Thiocarbamide and methyl nitrate in methyl 
alcohol were heated on a water-bath for two or three hours. The 
solution gave rhombs which melted at 109—110°, and this melt¬ 
ing point was not changed when the substance was recrystallised 
from nitric acid. The substance was soluble in water, and the 
aqueous solution responded to the usual tests for ^-thiourea with 
an alkaline solution of lead acetate and with an aniinoiiiacal solu¬ 
tion of silver nitrate. It dissolved readily in methyl or ethyl 
alcohol: 

0*250 gave 39*0 c.c. NO at 17° and 755 mm. N (nitratic) — 9*16. 

C 2 H 7 O 3 N 3 S requires N (nitratic) = 9* 15 per cent. 

An attempt to prepare the substance from thiocarbamide 
nitrate and methyl alcohol failed. With excess of methyl alcohol, 
no sign of combination was observed after an hour on a water- 
bath. On concentrating the solution to smaller hulk, a vigorous 
reduction of nitric acid took place; no thiocarbamide methyl 
nitrate could be detected. 

A product similar to the direct additive product was obtained 
on mixing aqueous solutions of thiocarbamide methyl sulphate 
and barium nitrate. From the filtrate a substance was obtained 
melting at 108—109° and having the same crystal shape and 
chemical properties as the direct additive product. The two sub¬ 
stances gave identical pierates (m, p« 221 °). 

Ethyl Nitrate .—Thiocarbamide and ethyl nitrate were heated 
together with alcohol on a water-oath at intervals for nearly a 
month. Considerable interaction had taken place, as the result¬ 
ing solution gave only a slight blackening when heated with 
alkaline lead acetate solution. A picrate was obtained (m. p. 
186°) similar to all the pierates obtained from ethyl-^-thiourea 
compounds. 

Attempts to prepare the substance by the interaction of ethyl 
alcohol and thiocarbamide nitrate failed, just as in the case of 
methyl nitrate. 

The action of silver nitrate on thiocarbamide ethiodide resulted 
in the formation of double silver salts. 

Benzyl Nitrate— This compound was prepared by mixing hot 
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concentrated solutions of either thiocarbamide benzyl chloride or 
benzyl sulphate and potassium nitrate. White, 11 aliened needles 
separated from the cooled liquid, which when reeryslaliised from 
water melted at 118—119°. 

The substance prepared by Arndt's method of dissolving benzyl- 
^-thiourea in nitric acid agreed in all respects with, the material 
as prepared above'. The melting point of a mixture of the two 
remained unchanged, showing their identity. 

Analysis was carried out by adding an ammonia,cal solution of 
silver nitrate to a weighed quantity of material in aqueous solu¬ 
tion. The compound was completely decomposed according to 
the equation: 

(N1To) 2 C: S(CII 2 Ph) “NO ;j + 3AgNO a + 4NHpOIi - 

CN 2 Ag 3 +CK>Ph- 8 Ag+ 4NH 4 *N0 8 + 4H a 0. . 

The filtered precipitate of silver cyanamide and silver benzyl 
mercaptide was treated with nitric acid, and the amount of silver 
in solution determined by Yolhard’s method. One hundred parts 
of the substance gave 139“6 parts of silver, whereas 100 parts of 
CSN , 2 H 4 ) CH 2 Ph*N 03 require 141*5 parts of silver. 

The nitrate readily separates on cooling a mixture of nitric 
acid with a hot concentrated solution of thiocarbamide benzyl 
chloride (compare Arndt, loc. cit.). 

Attempts to prepare thiocarbamide benzyl nitrate from a mix¬ 
ture of thiocarbamide nitrate and benzyl alcohol failed in the 
same way as with methyl alcohol and with ethyl alcohol. 

Identical products (m. p, 117—118°) were obtained by the 
addition of barium nitrate to solutions of either “ snlphoniurn ” 
or “ ammonium ” thiocarbamide benzyl sulphate. 


Thiocarbamide and Benzyl Chloride . 

Werner s work on thiocarbamide benzyl chloride (loe. cit.) was 
revised in the light of the previous experiments. He stated that 
on three occasions he obtained specimens which melted at 
142-—143°. On other occasions his product melted at 174°. He 
suggested the existence of polymeric modifications. It is now 
found that when a non-hydrolysing solvent, such as acetone, is 
used, no substance of lower melting point is formed. Repeated 
recrystallisation of the product from hydrochloric acid, in which 
it is much less readily soluble than in water, yielded thin, glisten¬ 
ing plates which melted at 148°. This appears to be the 
ammonium ” form of the compound. The melting point of this 
form, following the general rule, is lower than that of the corre¬ 
sponding “ sulphonium ” form. 
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After the “ ammonium ” form has been heated in alcoholic 
solution for about an hour with animal charcoal and sodium phos¬ 
phate, the material becomes less readily soluble in alcohol, and 
the crystals show scarcely any softening at the lower temperature, 
and if they are further heated in a steam-oven for two or three 
hours the substance melts at 174° without previous softening. 
A mixture of the two forms is, however, very readily obtained, 
recrystallisation from water being sufficient to transform part 
from “ sulphonium ” form to “ ammonium ” form. A mixture of 
the two forms was produced when either the “ sulphonium ” or 
“ ammonium JJ form of thiocarbamide benzyl sulphate was trans¬ 
formed to chloride by barium chloride. 

The hydrochloride of benzyl-^-thiourea may be prepared easily 
by dissolving the ^-thiourea in an excess of hot dilute hydro¬ 
chloric acid. The crystals which separate on cooling melt at 148° 
and are identical with the “ ammonium ” form of thiocarbamide 
benzyl chloride (compare Arndt, Ion . ntt.). 

An exactly similar product, melting at 148°, was prepared by 
heating thiocarbamide hydrochloride with benzyl alcohol. 


Thiocarbamide and Thiocyanates. 

These compounds are the more interesting, as all attempts to 
combine thiocarbamide with thiocyanic acid have failed up to the 
present (Krall, T., 1913, 103, 1383). 

The compounds now obtained are ionic, giving the usual reac¬ 
tions for thiocyanates, unlike the parent materials. 

Methyl Thiocyanate *— 1 Thiocarbamide methyl thiocyanate and 
alcohol were heated together on a water-bath for two or three 
days. A considerable quantity of solid separated which melted 
and decomposed at 78—80°, and was very readily soluble in water 
or alcohol. The usual ^-thiocarbamide reactions were shown, as 
well as those for thiocyanate. It yielded a pier ate melting at 
220 °: 

0*242 required 16*1 c.c. A/10-CuSO 4 . SCN = 3S*6. 

C 3 H 7 N 3 S 2 requires SChT=38*9 per cent. 

This compound gave no sulphide when heated with an alkaline 
solution of lead acetate or with an ammoniacal solution of silver 
nitrate, nor was sulphide produced by this treatment after solu¬ 
tions of the substance had been repeatedly evaporated on a water- 
bath and the substance itself maintained in a state of fusion for 
several hours. 

An exactly similar product melting, at 78—7,9° was prepared 
by the interaction of solutions of thiocarbamide methyl sulphate 
and of barium thiocyanate. 
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Ethyl Thiocyanate .—Complete combination of the thioearb- 
amide could not b© effected. Interaction took place, as the solu¬ 
tion gave a picrate and lead inercaptide. Ammoniaeal silver gave 
silver sulphide, indicating unchanged thiocarbainide. The pro¬ 
duct was a faintly brown paste. 

Benzyl Thiocyanate —Thiocarbainide was heated on a water- 
bath with benzyl thiocyanate and alcohol. After five or six hours 
reaction was complete. The product separated in bundles of long, 
slender needles which melted at 82—84°, and this melting point 
was unchanged by recrystallisation from thiocyanic acid, but its 
crystal shape became transformed to thin, hexagonal plates. 

Found: SON = 25*58. 

C 9 H n N 3 S 2 requires SON = 25*78 per cent. 

A product crystallising in long needles, but melting at 85—86°, 
was prepared by dissolving benzyl-^-thiourea in. thiocyanic acid. 
On recrystallisation from thiocyanic acid, hexagonal plates melt¬ 
ing at 82—84° were again obtained. None of these products 
gave hydrogen sulphide to alkaline lead acetate after heating to 
the fusion point. When heated more strongly, the substance dis¬ 
sociated, giving benzyl thiocyanate, and the fusion now readily 
gave metallic sulphides. 

Allyl Thiocyanate .—To an alcoholic solution of allyl thiocyanate 
was added finely divided thiocarbamide, and this mixture allowed 
to remain, with occasional shaking, for nearly a month until the 
liquid gave none of the reactions for thiocarbamide. The product 
was a clear, yellow oil. One hundred parts of the substance gave 
184*3 parts of silver, whereas 100 parts of CSN. JT ({ XhTLySON 
require 185*1 parts of silver. 

Thiocarb a nude and Benzyl N if rife. 

From an aqueous solution of thiocarbamide benzyl chloride and 
sodium nitrite this compound separated in fine needles. Its melt¬ 
ing point (126°) was determined by plunging the melting-point 
tube into an already heated bath. Identical products were 
obtained with either “ammonium” or “sulphonium ” thiocarb- 
amide benzyl chloride as starting point. Nitrous acid was 
liberated by dilute acids, and the substance responded to the 
usual tests for ^-thiocarbamide. One hundred parts of the sub¬ 
stance gave 143 parts of silver, whereas 100 parts of: 
CSN 2 H 4 ,0 6 H 5 *CII 2 ,*N0 2 require 145*2 parts of silver. 

Arndt prepared a similar substance from b enzy 1- -thiou re a in 
an .acid solution. He gave the same melting point for his pro¬ 
duct, but did not check its composition. 
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Thiocarbamide and Oxalates. 

Ethyl Oxalate .—Nencki (Her., 1874 , 7, 780) and Clans (Ber., 
1875, 8, 43) prepared an additive compound of tliiocarbamide 
with, ethyl oxalate, which melts at 158° and does not respond to 
any of the tests for ^-thiourea or for oxalate. 

An isomeride, (CSN 2 H 4 ) 2 (C0 2 Et) 2 , has now been obtained by 
the interaction of silver oxalate and thiocarbamide ethiodide. To 
the ethiodide, dissolved in alcohol, was added finely powdered 
silver oxalate. A considerable rise of temperature occurred and 
silver iodide was formed. After heating for about ten minutes 
on a water-bath, the hot mixture was filtered. A white, crystal¬ 
line deposit of small rhombs melting at 187—189° was formed 
which contained no silver or halogen. It was readily soluble in 
water, and the solution at once responded to the tests for oxalate 
and for ^-thiourea: 

0*331 gave CaOx equivalent to 22*4 c.c. iV/10-KMnO 4 , corre¬ 
sponding with cc oxalate ” = 29*7. 

C 8 H 18 0 4 N 4 S 2 requires “ oxalate ” = 29*8 per cent. 

Attempts to prepare this substance by heating thiocarbamide 
oxalate with ethyl alcohol resulted in the formation of Nencki’s 
compound, melting at 155°. The course of the reaction may be 
represented thus: 

(CSN 2 H 4 ) 2 H 2 0x + 2EtOH —> 2H 2 0 + 2CSN 2 H 4 + 

Et 2 Ox > (CSN 2 H 4 )oEf 2: 0x. 

Benzyl Oxalate .■—This compound was obtained in thin, long, 
oblong plates melting at 191—192° on recrystallising from hot 
water the precipitate formed on mixing aqueous solutions of thio¬ 
carbamide benzyl chloride and ammonium oxalate. Its chemical 
behaviour is similar to that of the preceding compound: 

0*313 gave CaOx equivalent to 14*8 c.c. A/10~KMnO 4 , corre¬ 
sponding with “ oxalate ” = 20 * 81 . 

C; I8 n 22 0 4 N 4 S 2 requires “ oxalate ,T = 20*85 per cent. 

The same compound also resulted from the interaction of (a) 
thiocarbamide benzyl chloride and silver oxalate (m. p. 192°), and 
(b) equivalent quantities of benzyl-thiourea and oxalic acid in 
alcoholic solution (m. p. 188°). 

Thiocarbamide and, Salicylates. 

Methyl Salicylate .—Methyl salicylate and thiocarbamide failed 
to unite at the boiling point of methyl salicylate. The ionic com¬ 
pound was precipitated on mixing hot concentrated solutions of 
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thioearbamide methyl sulphate and sodium salicylate. The sub¬ 
stance crystallises in long needles which decompose at 155°. Its 
chemical behaviour is similar to that of other salts of ^-thioureas. 
One hundred parts of the substance gave 142*8 parts of silver, 
whereas 100 parts of CSNoH^HO• C ( .Hp C (XMe require 142'2 parts 
of silver. 

Benzyl Salicylate .— 1 The compound was prepared from thiocarb- 
amide benzyl chloride and sodium salicylate. It crystallises in 
fine needles which melt at 144—145°. One hundred parts of the 
substance gave 107*5 parts of silver, whereas 100 parts of 
CSN 3 H 4> HO’Q;H4*C0 2 *CH 2 Pb require 104*9 parts of silver. 


Thiocarbamide and Acetates . 

Ethyl Acetate .—-This ester does not combine directly with thio-. 
carbamide, but when thiocarbamide ethiodide in alcoholic solu¬ 
tion was heated with its own weight of silver acetate for three to 
four hours, the solution deposited, on cooling, white, short prisms 
of the required compound which decomposed at 151-—152°. One 
hundred parts of the substance gave 178*3 parts of silver, whereas 
100 parts of 0SN 3 H 4 ,CH 3 *C0 2 Et,H a 0 require 178*0 parts of 
silver. 

The substance therefore contains water of crystallisation. 
Arndt ( loc. cit .) prepared the acetate of benzyl-^-thicurea, and 
showed that it also contained water of crystallisation. None of 
the other salts examined possessed this property. 

Benzyl Acetate .—The compound of this ester with thiocarb- 
amide separated in long, flattened needles on cooling hot mixed 
solutions of excess of sodium acetate with tbiocarbamide, the 
benzyl chloride, or either of the two forms of the benzyl sulphate. 
It melts to a brown liquid at 135—136°, and its melting point and 
crystal shape are unchanged by recrystallisation from acetic acid. 

The compound prepared by dissolving benzyl-^ihiourea in 
acetic acid has the same melting point and the same properties 
as the one prepared by double decomposition (compare Arndt, 
loc. cit.). One hundred parts of the substance gave 132*7 parts 
of silver, whereas 100 parts of CSN 2 H 4 ,CH 3 -COyOII 2 PhJ : L(:) 
require 132*7 parts of silver. 

Thio carl amide and Phosphates . 

Ethyl Phosphate .—The tbiocarbamide compound of this ester 
was obtained by heating an alcoholic solution of tbiocarbamide 
ethiodide with silver phosphate. The product is sparingly soluble 
in alcohol and readily so in water. It crystallises from alcohol in 
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shining leaves which decompose at 195—196°. Its composition 
was checked by the silver method. Owing to the exceeding solu¬ 
bility of silver phosphate in .ammonia, this was recovered by 
careful neutralisation of the ammoniacal liquors after the first 
precipitation. One hundred parts of the substance gave 303*3 
parts of silver, whereas 100 parts of (CSN 2 H 4 ) 3 (CoH 5 ) 8 P0 4 require 
305*3 parts of silver. 

Benzyl Phosphate ,—The product was obtained by mixing equal 
weights of thiocarbamide benzyl chloride and sodium ammonium 
phosphate in hot aqueous solution. An oil formed which pre¬ 
sently hardened to crystals. The substance is sparingly soluble 
in alcohol, and when crystallised from hot water it forms small, 
fine needles decomposing at 191°. One hundred parts of the sub¬ 
stance gave 216 parts of silver, whereas 100 parts of 
(CSN 2 H 4 )a(CH«>Ph) 3 P0 4 require 217*4 parts of silver. 

An exactly similar product decomposing at 191° was obtained 
on mixing alcoholic solutions of benzyl-^-thiourea and phosphoric 
acid. 

My thanks are due to Prof. A. E, Dixon for kindly criticism 
and interest shown during the course of this investigation, and to 
Mr. P, Belas for measuring the conductivity of the solutions. 
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LIX .—Phosphorescent Zinc Sulphide . 

By Elizabeth MacDougall, Alfred Walter Stewart, and 
Robert Wright. 

The study of the conditions producing phosphorescence has given 
rise to an extensive literature,* but it cannot be said that much 
clear light has been thrown on the problem. Data given by one 
observer are contradicted by other workers, and it appears in 
general that the various investigators did not take sufficient car© 
to define the conditions under which they worked, so that 
attempted repetitions of the work were hindered by a lack of 
exact knowledge of the experimental conditions employed by 
earlier investigators. The present work was carried out with a 
view to define more clearly the various factors which are con¬ 
cerned in the production of phosphorescent zinc sulphide. 

* See Kayser, Handbook der Spektroscopie,” Vol. IV. 
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In order to make dear what is unavoidably a somewhat, com¬ 
plex subject-, it will be best to deal separately with the following 
eight questions which arose in the course of the investigations: 

I. The phosphorescence of pure due sulphide. 

II, The influence of traces of impurities on phosphorescence, 

III. The means by which impurities can be introduced. 

IV. The influence exerted by the conditions under which the 
zinc sulphide is precipitated. 

V. The treatment of the zinc sulphide precipitate before 
drying. 

VI. The influence of temperature on the production of phos¬ 
phorescent zinc sulphide. 

VII. The methods of testing the final product. 

VIII. The influence of appreciable quantities of impurities on 
the phosphorescence. 

I. The Phosphorescence of Pure Zinc Sulphide *—The data 
respecting the power of phosphorescence possessed by pure zinc 
sulphide are often contradictory. Some authors state that the 
presence of a trace of impurity is necessary in order to obtain 
phosphorescent specimens, whilst other investigators find that 
pure samples can be obtained in the phosphorescent form. Various 
attempts were made by us to prepare zinc sulphide by different 
methods in order to determine the phosphorescence of samples 
produced in different ways. 

Ordinary precipitated zinc sulphide shows no trace of phos¬ 
phorescence. Heat is necessary in order to- produce the 
phosphorescent condition, from which it may be deduced that the 
physical nature of the sulphide (amorphous, semi-crystalline, or 
crystalline) has a considerable bearing on the occurrence of the 
property in question. Working on this idea, several oilier 
methods of obtaining zinc sulphide were tried. If the calculated 
quantities of sulphur and zinc are used as a “thermite” mixture, 
deflagration occurs, and the zinc sulphide thus produced shows in 
part a considerable power of phosphorescence. By conducting the 
operation in a roomy vessel, the volatilised zinc sulphide is 
separated into various sections lying on circles of different radii 
with the crucible in the centre, and it is found that the power 
of phosphorescence differs from circle to circle. The method, how¬ 
ever, was of little practical value, owing to the fact that the mmr. 
of the crucible charge had an influence on the temperature attained 
during the deflagration, so that standardisation was difficult. Also 
no accurate measurements of temperature could be made, so that 
it, was impossible to guarantee an exact reproduction of the 
experimental conditions. A further set of experiments was made 
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by heating zinc in a crucible and adding excess of sulphur; but 
here again the difficulty of exact reproduction of the experimental 
conditions vitiated the value of the method, and the results were 
not promising, although specimens of phosphorescent zinc sulphide 
were obtained in this manner. Similar drawbacks attended the 
addition of zinc to boiling sulphur and the interaction of zinc oxide 
and sulphur. The production of zinc sulphide by allowing zinc 
vapour and sulphur vapour to interact suffered from a similar 
defect, as the heat of reaction in this case is incapable of being 
regulated, and in addition the method is troublesome. Experi¬ 
ments were also made with the electric arc as heating agent, but 
with the same lack of definite success. 

In general, we found that pure zinc sulphide is capable of giving- 
rise to phosphorescence; but the effect is not a very marked one, 
and is not comparable with the phosphorescence obtained in the 
ways which will be dealt with later in the present paper. 

II, The Influence of Small Quantities of Inipurit/ies .—IIere 
again the literature is very confusing, as some authors describe 
certain impurities as being advantageous, whilst other investi¬ 
gators mention the same impurities as having a deleterious 
influence. From our own results we are inclined to believe that 
these contradictory data arise from the fact that different workers 
used different temperatures, and that the impurity played less part 
in the matter than has been supposed. All that can be said with 
certainty is that certain impurities, such as iron, seem to inhibit 
the power of phosphorescence to a great extent, whereas other 
admixtures, such as common salt, increase the phosphorescent 
effect. A rough empirical rule is that impurities of metals which 
give black sulphides seem to exert a deleterious effect on the 
phosphorescence of zinc sulphide. This rule, however, requires 
modification in some respects when the influence of temperature is 
considered, as will be seen later. It may be taken as proved that 
impurities do influence the phosphorescence phenomena, and that 
the amount of impurity required is extremely small. 

III. The Manner in which the Impurities are Introduced into 
the Zinc Sulphide —Fixed quantities of a given impurity may be 
introduced into a given sample of zinc sulphide by one of three 
methods. In the first place, the precipitated zinc sulphide may 
be mechanically mixed with the impurity before heating takes 
place; secondly, the precipitated zinc sulphide may be washed 
with a solution containing the impurity, and the material may 
then be dried in the steam-oven before heating, so that a certain 
amount of the impurity adheres to the particles of zinc sulphide; 
or, thirdly, the impurity may be placed in the solution of a zinc 
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salt and the admixture obtained by precipitating Use zinc sulphide 
a,nd neglecting to wash the precipitate after it has been produced. 
All three methods give results. The first method in apt to pro 
duce uneven preparations, owing to the mixture not being 
sufficiently uniform; the second method is better, but the impurity 
is only deposited on the outer edge of the hooky material, either 
by adsorption or by mere mechanical deposit as the water is 
removed. The third method insures that the impurity is occluded 
in the precipitate, and therefore gives , a much more uniform 
result, 

IV, The Conditions of Precipitation. —It occurred to us that 
the precipitation of zinc sulphide from the solution of a zinc salt 
was capable of taking place under two conditions: (a) when excess 
of precipitant was present, and ( h) when the zinc salt was in 
excess, and it seemed possible that this might affect the character 
of the final product. Experiments were therefore made in 
some of which a zinc salt was added to excess of ammonium 
sulphide, whilst in other experiments ammonium sulphide was 
added to a solution containing excess of a zinc salt. When both 
types of product were submitted to identical heating processes, it 
was found that there was a marked difference in the phosphor¬ 
escence produced. The greatest illuminating power was found in 
the case where the zinc salt was present in excess; the other 
samples (in which the whole of the zinc was precipitated) gave 
much inferior results. This point will also be discussed later. 
Its practical bearing was to give a preference to ammonium 
sulphide over hydrogen sulphide as a precipitant, for in the case 
of the former it was possible to break off the precipitating process 
at any desired point, whereas with gaseous hydrogen sulphide it 
was difficult to ensure that a lixed proportion of zinc was pre¬ 
cipitated. 

V. The Treatment of the Wet Precipitate to 'Ensure Hast) Filtra¬ 
tion and Drying .—The zinc sulphide precipitate is one which under 
ordinary conditions entails considerable trouble in filtration, but 
the following method was found to give good results. Zinc 
chloride sticks were dissolved in water, giving as concentrated a, 
solution as possible. Ammonia was added until the precipitate 
formed redissolved. The solution was then allowed to remain for 
twenty-four hours, after which all precipitate (chiefly iron hydr¬ 
oxide) was filtered off; the filtrate was diluted with water until 
each litre contained a gram-atomic weight of zinc, and in making 
up the solution 15 grams of sodium chloride per litre were added, 
as it was found that the presence of this gave the best results. 
Of this standard solution, 100 c.c. were raised to the boiling point, 
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then a given number of c.c. of a thousandth gram-molecular solu¬ 
tion of some compound of the element used as impurity was added, 
and the zinc sulphide was at once precipitated with enough 
ammonium sulphide to- bring down half the total quantity of zinc 
present. The quantities of “ impurity ” solutions used were 5 c.c., 
1.0 c.c., 15 c.c., and 30 c.c. in the case of each element tested, so 
that four comparable results were obtained. In the case of basic 
elements, some soluble salt was employed, whilst for acidic elements 
the sodium salt was used wherever possible.* 

After precipitation was complete, the boiling mixture was 
poured into an equal bulk of cold water containing 15 grams of 
sodium chloride per litre. Settling takes place rapidly, and the 
precipitate thus obtained is much more readily filterable than the 
ordinary material. After filtration, the material (without wash¬ 
ing) was dried in a steam-oven, ground to fine powder, sieved 
through muslin, and was then ready for heating. 

VI. Effect of Temperature on the Production of Phosphorescent 
Zinc Sulphide. —Two factors enter into this problem: (a) the 
temperature to which the sulphide is heated, and (h) the duration 
of the heating process. In order to obtain comparable results, we 
utilised an electric furnace with a thermo-couple, and in this way 
we were able to repeat our experimental conditions with a high 
degree of accuracy. Our first series of results was obtained by 
heating the prepared sulphide m a porcelain crucible for an hour 
and a-half in the electric furnace at a temperature of 650°. The 
material of the crucible may possibly exert a certain amount of 
effect, but graphite crucibles, which were tried, were found to be 
inconvenient from more than one cause, and we experienced no 
difficulties in using porcelain, ones. The results obtained with 
porcelain crucibles will be given in Section VII. 

Further investigation showed that, speaking generally, there are 
three grades of temperature which may be employed. Below 650° 
even prolonged heating produces only poor phosphorescent effects 
in the sulphide. Between 650° and 900° the results are much 
better, whilst heating for any length of time at 1100° produces 
very poor specimens. An examination of the samples obtained 
under these three conditions proved that the material produced 
below 650° was viscous and amorphous, that obtained between 
650° and 900° was semi-crystalline under the microscope, whilst 
the substance produced at 1100° was purely crystalline. Of course, 
the change from semi-crystalline to crystalline material is to some 

* Wo wore much indebted to Professor G. G, Henderson, F.R.S., who 
kindly furnished us with specimens of some of the carer elements to complete 
the series. 
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extent dependent on the period of heating, some quite crystal¬ 
line material being obtained by prolonged heating at 900°, whilst 
semi-crystalline substances can be produced by a few minutes’ 
heating at 1100°. For ordinary working purposes, however, it 
was found that half an hour was the shortest interval of heating 
which could be usefully employed, as less than this entailed 
trouble with the exact regulation of the furnace after it had been 
opened to admit the samples, and concordant results were not easy 
to obtain. Thus it may be taken that the best phosphorescent 
samples are produced by heating to some temperature between 
650° and 900° for a time not exceeding an hour and a-half. 

Our next set of experiments was directed to testing whether the 
phosphorescence was due to a state of strain being set up in the 
crystalline structure of the sulphide, as this seemed possible from 
a consideration of the results just described. We therefore carried 
out a series of experiments concerning the effect of quenching the 
heated sulphide in various liquids. Water, we found, gave poor 
results, especially with material heated at a low temperature, as 
deliquescent substances were present which had some influence on 
the process. Experiments with organic liquids, such as chloro¬ 
form, carbon tetrachloride, and paraffins, gave better results; but 
the process set up charring in the liquid, with the result that the 
zinc sulphide was rendered dirty in parts. We therefore aban¬ 
doned this line of investigation. 

Up to this point we had proceeded on the assumption that the 
material should be screened from the air while being heated, and 
had conducted all our experiments in tightly closed crucibles; but 
as we wished to adopt a new system of sampling, we tested if any 
difference in the product could be detected if the crucible was left 
open or was kept tightly closed. It appears ‘that no appreciable 
advantage is gained by the exclusion of air. Samples in open 
crucibles and others in closed crucibles gave very similar results. 

This opened up a new possibility, and we proceeded to deter¬ 
mine the exact period of heating which gave the greatest phos¬ 
phorescent effect when the final product was illuminated by light. 
A large crucible was filled with material and placed in the furnace, 
already heated to a fixed temperature. Samples were withdrawn 
at fixed intervals of time, and were tested for light effect by cool¬ 
ing and exposing them to daylight. Thus we were able to trace 
the maximum point of illumination and repeat our experimental 
conditions at other times with certainty. 

"VII. The Methods of Testirig the Final Product. —-Phosphor¬ 
escence may be excited in zinc sulphide in four different ways: 
by light, by X-rays, by cathode rays, or by Becquerel rays from 
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radioactive substances. It will be necessary to consider these 
separately. 

In order to test the relative brightness of phosphorescence under 
the action of light, a standard sample was chosen which showed 
a brilliant illumination after a brief excitation. The substance 
actually used was a zinc sulphide containing vanadium (30 c.c. of 
M /1000-sodium vanadate in 100 c.c. of M -zinc solution contain¬ 
ing 1*5 grams of sodium chloride before precipitation) which had 
been heated for an hour at 750°. Any sample which, when sub¬ 
mitted to the light test, gave an illumination equal to this was 
reckoned as Class A. The Class B standard was made up by 
mixing 0*5 gram of the vanadium standard mixed with 0*75 gram 
of precipitated (unheated) zinc sulphide, whilst the Class C 
standard consisted of 0*5 gram of the vanadium standard mixed 
with 2 grams of precipitated zinc sulphide. The illumination was 
made in the dark-room by means of a fixed length of magnesium 
ribbon. The estimation of intensity is at best only a rough one, 
as owing to the evanescence of the phosphorescence it is impossible 
to carry out exact photometric measurements. The results are 
shown in the accompanying tables in the columns A, B, and C. 
A cross (-i-) in the column indicates that the sample had a corre¬ 
sponding phosphorescence. 

With regard to X-rays, the same standards were utilised, and 
each sample of zinc sulphide was compared by placing it on a 
card along with three standards and estimating the luminosity 
when submitted to the action of X-rays generated from an X-ray 
bulb below the card. In this case, also, the estimates of luminosity, 
are necessarily rough. The results are shown by asterisks in the 
table. 

Turning next to the excitation by means of cathode rays, the 
apparatus employed was simple, A tube in the form of an H 
had the disk-shaped cathode and anode sealed into the upper ends 
of the vertical tubes of the IT, one in each. The bottom of the 
Tl-tube, opposite the cathode, was furnished with a ground stopper 
bearing on its upper surface a mica disk, which was kept well 
above the ground portion of the glass by being mounted on a 
glass rod or tube. The standard substance was .placed on the 
mica plate along with the specimen to be compared, and the whole 
vessel was exhausted. 

In order to differentiate between the sensitiveness of the various 
specimens, the number of strokes of the Topler pump used 
throughout the experiments was employed, and These numbers 
are given in the following table. The readings “ Green/' ‘'Blue,” 
and “ Yellowish-green ” indicate the tint of the phosphorescence 
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shown. In the column headed <c First response ” is given t he 
number of strokes of the pump necessary to produce the first 
faint indications of phosphorescence in the samples under investi¬ 
gation. The column headed “ First brightness ” indicates the 
number of strokes of the pump necessary to produce an appear¬ 
ance of internal glow in the samples. The column headed 
“ Intensity ” refers to the appearance of the illumination after 
the vacuum has been made as high as possible with the pump. 
Intensity I implies that the substance glows steadily, but with 
no marked brilliancy. Intensity II indicates that when the 
current is first applied, the substance exhibits a momentary flash 
and then dies down to a state similar to Intensity I. Intensity III 
covers the case in which the first flash is not momentary, but lasts 
for a short period—some seconds at least. Intensity IV repre¬ 
sents a state in which the sample shows a much stronger 
illuminating power than the others, although after a minute or 
so of bombardment it declines slightly in lustre. Intensity V 
indicates that the substance shows an illumination like that of 
IV, hut that the fatigue effects do not set in so markedly. 

Table I. 

Besults for Samples Heated for ari Hour and a-half at 600°. 


First First Yellow- 


Substance added to 

i’ xi a u 

re- 

bright- 



JL CHAU W - 

ish- 

Inten¬ 


200 c.c. N-Zn. 

sponse. 

ness. Green. 

Blue, 

green. 

sity. 

A. B. 0. 

15 c.c. M/ 1000-Li .. 

7 

7 


10 


IX 

* 4 

30 5J 

5 

5 

5 

10 


II 

* ~b 

5 c.c. M/lOQO-K .. 

3 

0 

8 



IT. 

* 4 

10 „ 

3 

0 

0 

8 


II 

* „|. 

30 „ 

3 

0 

8 



U 

* 

5 c.c. Af/1000-Rb .. 

4 

5 

5 

8 


is; 

* . j. 

10 „ 

4 

5 


' 8 

5 

n 

* 4 

15 „ 

5 

7 

7 

8 


n 

* 4- 

30 „ 

4 

5 


8 

5 

ii 

*4 

5 c.c. ifcf/1000-Cs .. 

8 

0 

9 

12 


ii 

* 

10 „ 

7 

8 

8 

12 


ii 

* 

15 „ 

0 

7 

11 

12 


ii 

* 

30 ,, m 

5 

5 

5 

12 


ii 

* 4 

5 c.c. A//1000-GI .. 

o 

6 

5 

8 


ii 

* 4 

10 „ 

5 

5 

3 

8 


.Ti¬ 


15 M 

5 

6 

5 

8 


ll 

* .4, 

30 „ 

4 

5 

4 

8 


II 


5 c.c. A//1000-Mg .. 

. 11 

IS. 

11 



1 

* .L 

10 „ 

5 

5 

12 


il 

I 

* .} 

15 „ 

7 

7 

11 



I 

* -}■ 

30 ' 

5 

5 

11 

12 


i 

'■¥ 
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Table I. (continned). 


Remits for tiatnpleH Heated for an Hour and- a-half at 660°. 



First 

First 



Yellow¬ 




Substance added to re- 

bright 



ish- Xnten- 




200 e.e. iV-Zn. 

sponse. 

ness. 

Green. 

Blue. 

green. sity. 

A. 

B. 

c. 

5 c.c. M J 1000-Ca 

... 7 

7 

7 

S 

II 


sjs 

+ 

10 „ 

... 0 

G 

6 

9 

II 

* 

+ 

+ 

15 „ 

... 5 

G 

5 

8 

II 

* 



BO „ 

... 4 

0 

4 

8 

II 


*+ 


5 c.c. M /1000-Sr 

... S 

9 

8 

9 

II 


❖ 

+ 

10 „ 

... 7 

8 

9 

11 

II 


* 


15 „ 

... 5 

5 

9 

11 

II 


>k 


30 „ 

... 5 

5 

9 

11 

II 

* 



5 c.c. M /1000-Ba 

... 5 

6 

5 

9 

I 


* 

+ 

10 „ 

... r> 

5 

5 

9 

I 


* 


15 „ 

... 4 

5 

4 

9 

I 


9k 

+ 

30 „ 

... 4 

5 

4 

8 

I 

* 


+ 

5 c.c. M /IOOO-Od 

... 5 

G 

8 

9 

I 

s}c 


_j_ 

10 „ 

... 4 

5 

5 

8 

I 

9k 

H- 


15 „ 

... 0 

G 

8 

9 

I 

+ 

* 


30 „ 

... 5 

5 

5 

8 

I 


*+ 


5 c.c. M/1000-Hg 

... 10 

11 


10 

I 



-f * 

10 „ 

... 6 

6 

11 

12 

I 


* 


15 „ 

... 6 

0 

11 

12 

I 



9k 

30 „ 

... 5 

5 

5 

11 

I 


* 


5 c.c. M/100G-B 

... 6 

7 

6 

9 

II 


9k 

+ 

10 „ 

... 5 

G 

5 

9 

II 


9k 

+ 

15 „ 

... 0 

7 

6 

9 

II 


9k 


30 „ 

5 

6 

5 

9 

II 


>k 


5 c.c. M/1000-A1 

... 5 

6 

5 

8 

II 


>k 


10 „ 

... 4 

5 

4 

8 

II 


9k 


15 „ 

... (i 

G 

G 

8 

il 

5k 


+ 

30 „ 

... 5 

0 

5 

7 

11 


* 

T 

5 c.c. A//1000-Y 

... G 

9 

9 


II 


tk 

4* 

10 „ 

... 4 

5 

9 


II 


9k 

+ 

15 „ 

... 8 

9 



II 


* 

“h 

30 „ 

... 5 

5 

9 


II 


* 


5 c.c. MI 1000-La 

... 0 

7 

9 


G II 


9k 


10 „ 

... 4 

G 

11 


II 


iff 


15 „ 

... 8 

8 

9 


G II 


♦ 

4- 

30 „ 

... 4 

G 

12 


II 

* 


+ 

5 c.c. Ml 1000-TI 

... 8 

10 


9 

II 



9k 

10 „ 

... 5 

5 

9 

10 

II 


* 


15 „ 

... 5 

5 

9 

10 

II 

9k 



30 „ 

... 5 

5 

9 

10 

II 


* 


5 c.c. Ml 1000-In 

... ' 5 

6 

5 


II 


* 

-f 

10 „ 

... 5 

6 

5 

9 

II 


* 

+ 

15 ,, ■ »5 

... 0 

6 

6 

9 

II 


9k 

4 * 

30 „ 

... 5 

6 

5 

9 

II 


9k 

-f, 


11 ,E* 
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Table I. (continued). 

Results for Samples Seated* for an Hour and adialf at 600°. 


First First Yellow- 


Substance added to 

re¬ 

bright- 



ish- 

Inten¬ 




200 c.c. N- Zn. 

sponse. 

ness. Green. 

Bine. 

green. 

sity. 

A. 

B. 

a 

5 c.c. Af/1000-C .. 

. 8 

8 

8 

10 


I 


* 

+ 

10 „ 

. 5 

0 

6 

10 


I 

* 


4- 

15 ,, 

. 7 

8 

7 

9 


I 


* 

4~ 

HO „ 

. 5 

6 

6 

9 


I 


* 

5 e.o. .M/1000-Si .. 

. 6 

8 

6 

9 


II 


* 


10 „ 

. 5 

7 

5 

10 


II 


♦ 

4- 

15 „ 

. 5 

7 

5 

10 


1.1 


♦ 


20 „ 

. 5 

7 

5 

10 


II 



4 - * 

5 c.c. M /1000-Ti .. 

.. 3 

5 

3 

7 


II 




10 „ 

.. 5 

5 

5 

7 


n 

* + 



15 „ 

0 

6 

5 

9 


ii 

* 

4~ 


30 „ 

.. 5 

5 

5 

9 


ii 

# 

4- 


5 c.c. Af/1000-Zr . 

.. 6 

7 


8 


ii 


*4~ 


10 „ 

.. 4 

5 

4 

8 


ii 


* + 


15 „ 

.. 6 

7 


8 


ii 

* 

4- 


30 ,) »» 

.. 4 

5 

4 

8 


ii 

* + 



5 c.c. M /1000-Ce . 

.. 5 

6 

5 

9 


ii 


* 

+ 

10 „ 

.. 5 

G 

5 

9 


ii 


*4- 

15 „ 

.. 6 

6 

6 

9 


ii 


*4- 


30 „ 

.. 5 

G 

5 

9 


ii 


* 


5 c.c. M /1000-Sn . 

.. 9 

10 

11 

11 


ii 


& 

4- 

10 „ 

7 

7 

11 



ii 


*■■!- 


15 „ 

.. 4 

5 

11 



11 


* 

4- 

5 c.c. ikf /1000-Pb . 

.. 0* 

5 

5 

8 


Ti r. 


* ' 

4 

10 „ 

.. 5 

5 

r> 

8 


m 


+ 

4* 

15 „ 

.. 4 

r» 

4 

8 


m 


* 

4' 

30 „ 

.. 4 

r> 

4 

7 


HI 


* 1* 


5 c.c, M /1000-Th . 

.. r> 

G 

7 

9 


It 



*4- 

10 „ 

.. 5 

« 

r» 

11 


II 


*.p 


15 „ 

.. 8 

9 


11 


H 


»}- 


30 „ 

.. 5 

9 

5 

11 


JC 



*4' 

5 c.c. M/ 1000 -N 

.. 5 

G 

5 

9 


III 


*4- 


10 „ 

4 

6 

4 

9 


III 

# 

-f 


15 „ 

.. 4 

G 

9 



III 


*-{- 


30 „ 

.. 5 

6 

5 

9 


III 


* 

4* 

5 c.c. Af/ 1000 -P . 

.. 3 

5 

9 

10 


III 


* + 


10 „ 

.. 3 

5 

5 

9 


III 

* 

-f 


15 ,, », 

.. 7 

9 

7 

9 


III 


* 

4- 

30 „ „ , 

.. 3 

5 

9 

10 


III 


4* 

5 c.c. M /1000-V . 

4 

5 

4 

10 


II 


* 

-f 

10 SJ if 

.. 4 

5 

4 

10 


II 



* 

15 „ ,9 * 

.. 4 

5 

4 

10 


II 


■f 

# 

* o '»> ?j 

.. 5 

10 

5 

11 


II 
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Table I. ( continued ’). 


Remits for Samples Heated for an Hour and a-half at 600°. 



First 

First 



Yellow 

. 



Substance added to 

re- 

bright 



ish- 

Intern 



200 c.c. N-Zn. spouse. 

ness. 

Green, 

Blue. 

green. 

sity. 

A. B. 

0 . 

5 c.c. M/1000-As ... 

5 

5 

5 

11 


II 

SiJ 

-b 

10 „ 

5 

5 

5 

11 


II 

*-b 


15 „ 

0 

7 

0 

11 


II 



30 „ 

6 

7 

G 

11 


IT 


** 

5 c.c. M/1000-Sb ... 

4 

5 

4 

10 


II 

*-b 


10 „ 

0 

9 

6 

13 


II 

* 

-f 

15 „ 

4 

6 

4 

13 


II 

* 

+ 

50 „ 

4 

5 

4 

10 


II 

*-b 


5 c.c. M/1000-Bi ... 

9 

9 


10 


II 


* 

10 „ 

4 

5 

4 

10 


II 

*-b 


15 „ 

5 

0 

5 

9 


IT 


* 

30 ,, 

4 

5 

4 

10 


II 

* 


5 c.c. M /1000-Ci* ... 

8 

8 

8 

14 


I 

* 

-J~ 

10 „ 

3 

0 

3 

15 


III 

~b 

* 

15 „ 

6 

10 

0 

14 


I 


*-J 

30 jj 

5 

7 

5 

14 


I 


s|t 

5 c.c. M/1000-Ms ... 

5 

7 

5 

11 


I 

* 

"I” 

10 „ 

5 

5 

5 

11 


I 

* 

4- 

15 „ 

5 

0 

5 

11 


I 

>K 

~b 

30 „ 

5 

0 

5 

11 


I 

* 

-b 

5 c.c. M/1000** W ... 

5 

5 

5 

11 


I 



10 „ 

5 

5 

5 

11 


I 



15 „ 

7 

7 


11 


0 



30 „ 

8 

8 


11 


0 



5 c.c. M/1000-U ... 

11 

12 

a 

14 


I 

* 


10 „ 

0 

7 

0 

13 


I 


% 

15 „ 

5 

5 

5 

14 


I 


*~i 

30 „ 

5 

5 

5 

14 


I 

* 


5 c.c. M /1000-So ... 

4 

fi 

4 

9 


IT. 

* 

-b 

10 „ . 

5 

5 

5 

8 


It 

* 

-b 

15 „ 

5 

0 

5 

9 


11 

* 

-b 

30 „ 

5 

7 

5 

9 


II 

* 


5 c.c. Ml 1000-To ... 

5 

9 

5 

11 


II 

* 

-f 

10 „ 

3 

5 

3 

11 

5 

III 

* 


15 „ 

3 

5 

3 

11 

5 

11 


* 

30 9J 

3 

5 

3 

a 

5 

H 

* 

+ 

5 c.c. M/1000-Mn ... 

6 

5 

0 



IT 


* 

10 „ 

5 

3 

0 



II 

* 

S' 

15 9 f ,, ... 

5 

3 

r> 



II 

* + 


30 „ 

4 

8 



4 

IT 

# 

~b 

5 c.c. M/1000-Br ... 

8 

8 


20 

8 

I 

* 


10 »» tt 

8 

10 

8 

20 


I 


+ 

15 „ 

7 

8 

7 

20 


I 


~b 

30 „ 

5 

0 

5 

20 


I 

* 4. 








E 

E* 2 
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Table i. (continued). 

Results for Samples Heated for an Hour and a-hal) at 


Substance added to 
200 c.e. N- Zn. 

5 c.e. M/1000-1 .. 

10 „ 

15 „ 

SO „ 

5 c.c. M /1000-Fo . 
10 „ 

15 „ 

30 „ 


5 c.c. M /1000-Co ... 12 

10 „ „ ... 13 

5 c.c. M/1000-Ni ... 6 

10 ,» „ ... 5 

15 „ „ ... 5 

30 „ „ ... 15 

5 c.c. M /1000-Ru ... 6 


sponse. ness. Green. Bine. 


Yellow¬ 
ish- Inten- 
green. sity. A. 
II 
II 

0 II 
II 


5 c.c. Hf/1000-Rh ... 
10 „ 

15 ,, jt ... 
30 „ 

5 c.c. Ml 1000-Pd... 
10 „ 

15 „ 

5 c.c. Ml 1000-Os ... 
10 „ 

15 „ 

30 „ 

5 c.c, M/1000-Ag ... 
10 „ 

15 „ 

30 „ 

5 c.c. Ml 1000-Ta... 
10 „ 

15 „ 

30 „ 


In the following samples, 30 c.c. of M/1000-impurity were added 
to 200 c.c. of Jf-zinc, and the sample was heated for half an hour 
at the temperature mentioned. 
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Table II. 



First 

First 



Yellow 





Tom perature and 

re- 

bright- 



ish- 

In ben- 



impurity. 

sponso. 

ness. 

Green. 

Blue. 

green. 

sity. 

A. 

B. 

a 

*600-650° . 

. 5 

6 

5 

7 


II 


*4“ 


650-700° .. 

2 

5 

2 

7 


II 

* + 



700-750° .. 

2 

5 

2 

7 


IV 

*-b 



750-800° . 

2 

5 

2 


6 

V 

*+ 



800-950° . 

. 4 

6 

4 


6 

III 


*4- 


y 650-700° . 

. 4 

4 

4 

6 


1 

*-f- 



700-750° .. 

. 1 

4 

1 

6 


II 

4~ 

* 


750-800° .. 

. 1 

5 

6 

8 


XV 

*-h 



800-850° . 

. I 

5 


8 

1 

IV 




Ti 600-650° . 

. 6 

6 

6 

8 


u 


*4- 


650-700° . 

. 8 

7 

3 

8 


II 


-b 


700-750° . 

. 3 

7 

8 

9 


IV 

*4- 



750-800° . 

. 7 

7 



7 

IV 

*4~ 



Au <550-700° . 

. 8 

5 

5 

8 


IV 

* 4- 



750-800° . 

. 3 

5 

5 


7 

ill 

*+ 



Zr 600-650° . 

. 5 

5 


6 


II 


*4- 


650-700° . 

. 1 

4 

5 



III 


*+ 


700-750° . 

. 1 

4 

1 



IV 

*4- 



750-800° . 

. 3 

5 

3 


5 

III 

* _j.. 



Th 600-650° . 

. 5 

6 

5 

6 


11 


* + 


650-700° . 

. 1 

6 

6 

9 


III 

*4- 



700-750° .. 

2 

6 

6 



IV 




750-800° . 

. 5 

6 

7 



m 

* _L 



Zr 600-650° . 

. 5 

5 

5 

6 


ii 


* 

4r 

& 650-700° . 

. 2 

5 

7 



in 


*4- 


Mn 700-750° . 

. 1 

5 

6 



V 

* 

4- 


750-800° . 

. 4 

6 



4 

IV 

+ 

* 


Zr 600-650° . 

. 4 

5 

4 

6 

5 

II 

* 

-f 


& 650-700° . 

. 4: 

5 

4 

6 

5 

II 

*4~ 



Ti 700-750° . 

. 3 

5 

6 


5 

IV 

4- 



750-800° . 

. 4. 

5 

5 


6 

v 

*4~ 



Mil 600-650° . 

. 5 

6 

5 



II 


* 


650-700° . 

. 5 

5 

5 



II 



4- 

700-750° . 

. 1 

5 

1 


8 

IV 

*4~ 



750-800° . 

. 1 

5 

1 



IV 


+ 


800-850° . 

. 2 

6 

2 


6 

IV 

* 

4- 


850-900° . 

. 2 

5 

2 



III 

* 

4' 


900-950° .. 

. 2 

4 




III 

* 

~b 



* To these live samples no impurity was added except sodium chloride. 


We have given no measurements made with radium for two 
reasons. In the first place, owing to the use of radium paint at 
the present time for military purposes, it seems undesirable to offer 
any such results just now. Secondly, we did not carry out such 
complete measurements with radium as we did with other sources 
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of energy. It is desirable to state, however, that the results 
obtained with radium do not in any way concord with those 
observed with light, etc., although our earlier investigations led 
us to believe that there was a close similarity in effect between 
the response of zinc sulphide to radium and to light. Fuller 
examination of the material at our disposal has shown us, how¬ 
ever, that there is no parallelism between the two actions. The 
effect of the os-particle bombardment is apparently quite incapable 
of being predicted from the results obtained from other sources 
of excitation. 

As it may assist others who are working in this region of the 
subject, we may mention two methods whereby the influence of 
radioactive materials on phosphorescence may be tested without 
loss of the radioactive substance. The first of these, which was 
devised by the late Sir William Ramsay, consists in coating one 
side of a microscope cover-glass with a known quantity of radium, 
covering this with a protective film, and then placing the cover- 
glass (radium side downwards) on the surface of the preparation 
to be examined. The resulting illumination is observed through 
the cover-glass, and by using cover-glasses of equal surfaces on 
which different quantities of radium have been deposited, a rough 
estimation may be made of the relative luminosities of two samples 
of zinc sulphide. The method of preparing the cover-glasses is 
simply to allow a fixed number of drops of a solution of a radium 
salt of a known strength to fall on the cover-glass surface, then 
heat the glass in an oven until the water evaporates, taking care 
to see that an even deposition results. When the film is dry, it is 
covered with a thin film of “ dopeor of collodion, which has 
little effect on the radiation. 

In order to estimate the effect of os-rays, apart from the other 
constituents of the Becquerel rays, the following method may be 
employed, for which we are indebted to Dr. A. Fleck. A quill 
tube of glass is sealed at one end, and into it are introduced 
various samples of sulphide which it is desired to compare. Each 
sample is loosely packed, and is separated from its neighbours by 
a loose wad of cotton-wool. The tube is then pumped out and 
• niton is introduced into it; the free end is then sealed. In this 
way, a rapid estimate of the effect of the a-ray may be obtained. 

. VIII. The Influence on Phosphorescence Produced by Impuri¬ 
ties in Large Quantities. —Hitherto we have dealt with the effects 
produced by impurities present in extremely small quantities, but 
it seemed necessary to examine also- the results obtained when 
much greater quantities of impurities were added to the zinc 
sulphide. It has been well known for a considerable time that 
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zinc sulphide containing an admixture of sodium chloride gave 
results very much superior to those observed when pure zinc 
sulphide was employed. In the ordinary method of preparing 
zinc sulphide (precipitation of ammoniacal zinc solutions), it is 
clear that the unwashed precipitate must contain a considerable 
amount of adherent or occluded ammonium chloride, so that in 
the experiments described above it is clear that our specimens 
before heating must have been mixed with the chlorides of sodium 
and ammonium. In order to determine whether the presence of 
these compounds had any effect on the ultimate product, we 
examined a series of samples in the following manner. The pre¬ 
cipitation, drying, and powdering were carried out as usual, and 
then each sample was divided into two parts. One of these-was 
thoroughly washed to remove any soluble impurity, whilst the 
oilier was left untreated. Both samples were then heated along¬ 
side each other in the furnace, and it was found that whilst the 
“ unwashed ” sample gave the usual result, the “ washed ” sample 
lagged much behind it in phosphorescing power. From this it 
follows that the presence of the two impurities had a considerable 
effect on the phosphorescence of the final product. To make sure 
of this point, we prepared fresh samples of zinc sulphide, pre¬ 
cipitated and dried as before. Each sample was then washed 
thoroughly with water to remove the impurities, and the washed 
precipitate was divided into two parts. One part was left with¬ 
out further treatment, whilst the other was soaked for a time in 
a solution of sodium chloride. Both were then dried in the same 
oven and heated side by side in the same furnace. It was found 
that the <f washed ” sample gave a much feebler phosphorescence 
than the other which had been again rendered impure, from which 
it must be deduced that the presence of sodium chloride has a con¬ 
siderable influence on the production of phosphorescence. Similar 
results were obtained by mixing the washed material with 
ammonium chloride, but the resulting compounds were not so good 
as those made with sodium chloride. 

Now when zinc sulphide is heated to a high temperature in the 
presence of sodium chloride, it is natural to expect that inter¬ 
action between the two compounds will take place, resulting in the 
formation of zinc chloride and sodium sulphide. That this view 
is correct was shown to us by the emission of fumes of zinc chloride 
from the electric furnace while these samples were being heated, 
and also by the deliquescent nature of several samples which had 
not been heated high enough to cause the complete volatilisation 
of the zinc chloride. This suggested to us that the presence of 
zinc chloride is to some extent necessary during the heating of the 
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material if good phosphorescent samples are to be obtained. It 
then occurred to us that this was sufficient to explain the results 
mentioned in Section IV., when we found that precipitation in 
presence of excess of zinc chloride gave good results, whilst pre¬ 
cipitation in presence of excess of ammonium sulphide gave much 
feebler preparations. In the former case, a certain amount of 
zinc chloride will adhere to the sulphide, which cannot happen in 
the second case. 

In order to test this point more rigidly, we prepared a solution 
of zinc acetate and used it as a source of zinc sulphide, thus 
excluding the presence of any chloride. These sulphide samples 
showed very poor phosphorescence, a fact which seems to 
strengthen our views. 

It will be recalled that in an earlier section of this paper the 
rough rule was given that an impurity giving rise to a black 
sulphide was deleterious in its effect on the phosphorescence, but 
that there were exceptions to this rule. The following will make 
the point clearer. When an M -zinc solution containing Mj 100 of 
a bismuth salt and 15 grams per litre of sodium chloride is pre¬ 
cipitated with half the requisite amount of ammonium sulphide 
necessary to bring down all the zinc, the precipitate is dark grey, 
and when dry is almost brown. When heated at 800° for an hour, 
this material yields beautiful specimens of clear yellow zinc 
sulphide which show a fair amount of phosphorescence, although 
not so good as many samples which were obtained by other 
methods. The reason of this obviously lies in the fact* that the 
bismuth sulphide, in the presence of excess of sodium chloride, 
forms bismuth chloride, which is volatilised away during the 
process of heating. None the less, it has some action on the end- 
product. This leads to the conclusion that phosphorescent power 
is connected in some way with a physical state, and not so markedly 
with chemical change. In volatilising from the inside of the 
particles of the zinc sulphide precipitate, the bismuth chloride may 
have broken them up into small aggregates, and its influence may 
have been due to this cause. The volatilisation of zinc chloride 
from a preparation would have a similar effect. We do not wish 
to lay too much stress on this point, as it requires further 
investigation, but it seems to deserve notice, as it points to the 
fact that the influence of an impurity may not necessarily depend 
on its presence throughout the whole course of the preparation. 

We have already directed attention to the fact that the best 
samples of phosphorescent zinc sulphide were those which exhibited 
a semi-crystalline structure under the microscope, so that there 
a PP ears to be little doubt that there is an intimate connexion 
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between physical state and power of showing phosphorescence after 
excitation by light. 

With regard to the colour effects produced by the admixture of 
small quantities of impurities, these are, generally speaking, very 
feeble. Only in, the case of manganese is there a really marked 
change in the tint. We have been able to confirm the observa¬ 
tion of Hofmann and Dacca (Ber. } 1904, 37, 3407) that zinc 
sulphide, prepared from a solution containing i¥-zinc, 15 grams of 
sodium chloride per litre, and M/100 of a manganese salt, shines 
with a beautiful orange-golden tint, and also that this kind of 
zinc sulphide exhibits a most striking triboluminescence. In the 
latter property it far exceeds anything which we have seen in this 
field, and might almost be capable of utilisation as a lecture 
experiment. 

As to the effect of temperature on the colour of zinc sulphide, 
we find that specimens which have been prepared at 650° are blue 
in phosphorescence, whilst high temperatures lead to greens and 
even yellows. 

Another point which seems to indicate that physical condition 
is an important factor in conditioning phosphorescence is found 
in the following facts. A specimen of strongly phosphorescent 
zinc sulphide was washed with water and carefully dried. When 
its phosphorescent power was compared with that of the untreated 
material, it was found that the washing process had greatly 
decreased the brilliancy of the phosphorescence. Similar results 
were observed when 90 per cent, alcohol was used instead of water, 
although in this case the diminution in the activity of the sample 
was much less than in the case of water. Washing with ether 
appears to have less influence even than when alcohol is used. 
The ether employed was not absolutely dry. 

This suggests that phosphorescent zinc sulphide contains some 
material soluble in water and alcohol which increases the phos¬ 
phorescent power of the substance. Possibly the masses of zinc 
sulphide are covered with a layer of zinc chloride so thin that no 
appreciable deliquescence is noticeable, and this soluble material 
may be setting up a strain upon the enclosed sulphide which 
renders it more capable of showing anomalous effects when sub¬ 
jected to the action of light. The removal of the skin of foreign 
material by the action of water would release the strain, and hence 
cause a diminution of the phosphorescent power of the contained 
sulphide. 

In confirmation of this idea, the following fact may be quoted. 
When a strongly phosphorescent specimen of zinc sulphide is 
ground in a mortar, or even rubbed well between the fingers, 
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it loses a considerable portion of its phosphorescing power.* Here 
again it is clear that any surface film would b© broken up or 
cracked, and that the internal portion of the material would be 
released from strain. In any case, it is evident that the action 
must be a mechanical one not concerned with the chemical nature 
of the sulphide. 

Some other points that have arisen during the work may be 
noted here. We have been able to confirm the statement of 
Beequerel and others with regard to the behaviour of zinc sulphide 
when cooled. If two specimens of the same sample are chosen, and 
one cooled in liquid air whilst the other is kept at the ordinary 
temperature, it is found that if they are simultaneously excited 
by a magnesium flash both of them will glow with almost equal 
brilliancy, but if the cooled sample is withdrawn from the liquid 
air, its phosphorescence increases in intensity as the temperature 
of the sample rises until at the ordinary temperature it much 
exceeds that of the uncooled sample. This phenomenon might also 
be brought into line with the idea of a foreign coating on the 
surface of the particles of sulphide, as differential cooling would 
increase the strain, and hence increase the anomalous light effect. 

Another observation made by us tends to show that this effect 
of temperature is a general one. In the course of taking samples 
from highly heated zinc sulphide in the electric furnace, we noted 
that if a sample were exposed to light while it was very hot, it 
did not appear to become sensitised to any extent. On cooling, it 
became capable of sensitisation, and glowed well in the dark after 
exposure to light. Further, if this still glowing sample were 
thrown back on the top of the remaining zinc sulphide in the hot 
crucible, it immediately phosphoresced brilliantly, although the 
light emission was only of brief duration. It therefore seems to 
he a general rule that substances at low temperatures can take in 
an extra store of light-energy, which they throw out rapidly as 
the temperature rises, the light-emission at temperatures of 800° 
to 1000° being a mere brilliant flash. 

Another point of interest is the phenomenon to which allusion 
has already been made, namely, the brilliant flash shown by certain 
specimens under the first impact of the cathode ray, and the sub¬ 
sequent “fatiguing” of the material so that the phosphorescence 
diminishes after the flash to a feebler glow. This flashing effect 
can he repeated at will by simply allowing the discharge to cease 
for a minute or two* on turning on the current again, the same 

* The tribolumineseence of zinc sulphide with manganese also decreases 
with continued rubbing. At first mere pressure on the substance suffices 
to yield a flash, but soon hard grinding in a mortar is necessary. 
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process of flash and fatigue is visible. The flash is in some cases 
quite bright enough to throw a shadow in an ordinary room where 
no precautions have been taken to surround the apparatus with a 
screen. 

One further matter in connexion with the cathode discharge 
may be mentioned. If the cathode ray is allowed to play upon 
a specimen of zinc sulphide for a few minutes, it is found, aftei 
the current is interrupted, that the surface of the material is dis¬ 
coloured; in some cases the original, nearly white sulphide becomes 
covered with a grey (or in some cases brown) film. So long as 
the specimen is kept in the cathode tube, even after being kept 
for a day, this tint remains fixed, but a few minutes' exposure to 
air suffices to bring it back to the original white or yellow colour 
of the sulphide. A similar effect is noticed in specimens of zinc 
sulphide which have been exposed to the influence of niton. 
Samples which originally were clear lemon-yellow in tint become 
converted into brown or dove-coloured powders, and it was found 
that hand-in-hand with this change came an alteration in the tint 
of the phosphorescence itself. The original green hue gave place 
to a more blue light as the powder changed from yellow to a slate 
tint. Heating the material in the tube had no effect, so far as 
the restoration of the original colour of the powder was concerned. 

Summarising the foregoing, the following points appear to be 
definitely established. Pure zinc sulphide prepared in various 
ways can be obtained in a phosphorescent condition. The addition 
of certain impurities has a marked effect in some- cases, and this 
effect may take the form of inhibiting the phosphorescence (as 
with iron) or altering its tint (as is the case with manganese). 
The presence of a chloride, whether it be zinc chloride or the 
chloride of some other element, has an advantageous influence. 
The factor which has the greatest influence, however, is the 
temperature to which the zinc sulphide is heated. This tempera¬ 
ture effect can be varied within limits; thus a sample heated for 
a very short time to a high temperature will give effects similar to 
those observed in another sample heated for a longer time at a 
lower temperature, provided that the lower temperature is not 
less than about 750°. Washing, rubbing, or disturbing the final 
product in any way tends to dimirdsh its phosphorescent power. 
Amorphous sulphide does not phosphoresce, nor does purely 
crystalline sulphide show such good phosphorescence phenomena 
as samples which contain semi-crystalline material. Specimens 
made from zinc salts not containing chlorides do not show such 
brilliant phosphorescence as those produced in the presence of 
chlorides. 
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With, regard to the ultimate cause of the phosphorescence of 
zinc sulphide, it is at present impossible to go further than the 
statement that the salt in some manner acts as a reservoir of 
energy which it can emit in the particular form of light vibra¬ 
tions, but the foregoing data appear to throw some light on the 
conditions governing the process. 

In the first place, the influence of temperature on the storing 
and emission process deserves attention. It may be taken as 
proved that the colder the zinc sulphide, the more energy it is in 
a condition to absorb, but this absorbed energy must have a short 
wave-length if it is to be converted into phosphorescence. This is 
shown by the fact that a sample of sulphide cooled in liquid air 
in the dark does not emit light on being raised to the, ordinary 
temperature unless it has already been sensitised by the action 
of light. Further, a specimen which is sensitised while at a, 
temperature of, say, 400°, shows no phosphorescence to the eye, 
but if it is rapidly heated to 800° it phosphoresces brilliantly, 
although transiently, evidently giving up its store of accumulated 
energy very rapidly at the higher temperature. A similar pheno¬ 
menon is noticeable in the case of the specimens cooled in liquid 
air; when they are taken out of the cooling vessel, their phosphor¬ 
escence becomes more and more brilliant, reaches a maximum, and 
then dies down quite appreciably. This suggests some analogy to 
the flash obtained in the case of the first application of the cathode 
discharge to certain specimens of zinc sulphide, and it may be 
possible that this “ flash ” is produced by the sudden local rise of 
temperature on the surface of the specimen, caused by the impact 
of the cathode discharge, which is known to give heating effects. 

These phenomena point to the- fact that phosphorescence is much 
influenced by physical conditions, and cannot be regarded as 
entirely due to the chemical nature of the phosphorophore. Other 
data give similar indications. Thus it has been established that 
the strongest phosphorescence is observed in specimens which are 
just on the border between the amorphous and crystalline condi¬ 
tions, and that this state can be attained either by heating for a 
very short period at a high temperature or for a longer time at 
lower temperatures. Again, the fact that washing diminishes the 
brilliancy of the phosphorescence in the final product points to 
the probability that some material is present which has a strong 
influence on the phenomenon. Since crushing, grinding, or 
rubbing of the final product also decreases its phosphorescent 
power, it seems reasonable to connect the two phenomena by the 
-assumption that the supposed impurity forms a skin over the 
particles of the sulphide, which skin is removed by washing or 



PHOSPHORESCENT ZINC SULPHIDE, 


683 


cracked by grinding. If the power of phosphorescence were 
governed entirely by the chemical character of the sulphide, such 
phenomena would be inexplicable, but if it is assumed that zinc 
sulphide alone possesses a feeble power of phosphorescence which 
can be enhanced by the operation of outside influences, the whole 
series of data fall into line. 

With regard to the nature of this supposed impurity, the experi¬ 
ments given above throw some light on the problem. In the first 
place, it has been shown that the presence of sodium chloride 
during the preparation of the sulphide has a marked enhancing 
effect on the light-emission. Zinc chloride also assists the phos¬ 
phorescence of the final product. This indicates that the chloride 
ion may lie at the root of the matter, and this idea is confirmed 
by the observation that sulphides prepared from zinc solutions 
containing no chloride have much less phosphorescing power than 
those produced in the presence of chlorides, as well as by the fact 
that large quantities of ammonium chloride in the solution 
increase the light emission of the final product. It may b© sug¬ 
gested that the action of the traces of chloride is of the following- 
nature. When the impure sulphide is heated, the chloride reacts 
with it and produces a surface film of zinc chloride on the sulphide, 
and this film, on cooling, may contract and produce a strained 
condition of the material within the film. The effect of additional 
impurities would be to influence the fusibility of the sulphide and 
chloride, and it may be in this action that the main influence of 
the impurities is to be sought. In any case, it seems reasonable 
to deduce that this film is brittle and soluble in water, as other¬ 
wise it is impossible to account for the phenomena observed in 
washing or grinding of the phosphorescent sulphide. Only one 
fact is unaccounted for by this hypothesis, namely, the alteration 
in colour of the emitted light which is observed when manganese 
is used as an impurity. All other impurities influence the phos¬ 
phorescence tint but slightly, the range of colours extending from 
lemon tint to green and bluish-green, but in the case of manganese 
the emitted light is golden to orange, quite distinct from the usual 
appearance of zinc sulphide. In this case it is hard to avoid the 
conclusion that some chemical phenomenon must be concerned, 
but our experiments have thrown no light on its origin. 

In conclusion, we desire to thank Dr. A. Fleck, Dr. A. Scott, 
and Mr, D. N. MacArthur for the assistance they have kindly 
given us in some parts of the work. 

Thu Physical Chemistry Department, 

Glasgow University. [Received, June llth, 1&17.] 
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LX .—Salts of Thiocarbamide . 

By Augustus Edward Dixon. 

During the prosecution of a certain research, some salts of tlno- 
carbamide have been isolated. As very few of such compounds 
appear to be known, except the nitrate (Emerson Reynolds, Joarn. 
(Jhern. Soc. } 1869, 22, 5) and the hydrochloride (Stevens, T., 1908, 
81, 80), mention may be made of those now obtained. 

From the fact that the solubility of thiocarbamide in water is 
enhanced by the presence of strong acids, it is evident that salts 
are formed in solution. They are, however, markedly hydrolysed, 
and since, as a rule, they are freely soluble, whilst the parent base 
requires for dissolution at the ordinary temperature about nine 
times its own weight of water, their isolation in the presence of 
this solvent is frequently impracticable. 


‘ Thiocarbamide Hydrochloride -. 

To what Stevens (loc. cit ,) lias recorded in connexion with this 
substance, the following may be added. 

Of the ready formed salt, 1*48 parts ( = 1 part of thiocarbamide) 
required for dissolution 6*65 parts of water. When allowed to 
evaporate, the solution at first deposited thiocarbamide alone, this 
being accompanied later, when the bulk had considerably dimin¬ 
ished, by crystals of the hydrochloride. 

Also-, when 1 part of thiocarbamide was treated with, a prepared 
solution of hydrochloric acid (really 0*5 per cent, weaker than had 
been intended) dissolution required 7*15 parts, consisting of 0'45 
part of hydrogen chloride and 6*7 parts of water. Tims, in the 
direct and in the reversed experiments, the end-systems were 
respectively: 

(i) CSN 2 H 4 : HC1: H 2 0 = 1:0‘48: 6*65 and 

(ii) CSN 2 H 4 : HOI: H 2 0-1: 0*48 : 6*70. 

Obviously, these two were alike, the trifling excess of water in (ii) 
corresponding with the deficiency of hydrogen chloride in the pre¬ 
pared solution of hydrochloric acid; the action, therefore, is 
reversible. 

By operating as follows, a 75 per cent, yield may be obtained of a 
salt that is practically pure. To every 10 grams of thiocarbamide 
9 c.c. are added of ordinary concentrated hydrochloric acid (D, 1*16); 
the thiocarbamide is dissolved by warming the mixture, and hydro¬ 
gen chloride is passed in until distinct fuming is perceptible (during 
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tlie operation, a little hydrogen sulphide escapes). To prevent 
“setting,” the solution, as it cools, should be well stirred; the 
crystals are now powdered if necessary, drained as far as possible 
by the aid of the pump, thoroughly washed with chloroform, pressed 
in folds of bibulous paper, and dried over sulphuric acid. Analysis 
of two different preparations gave: 

Found: HOI ==32'40, 32'61. After recrystallisation from hydro¬ 
chloric acid, 32*36. 

CH 4 N 2 S,HC1 requires HC1 = 32*44 per cent. 

It is possible, by reducing the proportion of concentrated hydro¬ 
chloric acid, to increase the yield still further, but this is not desir¬ 
able, for even with 8 c.c. per 10 grams of base the liquid, on cooling, 
sets to a mass so hard that it cannot easily be freed from the 
mother liquor. 

In a dry atmosphere, at the ordinary pressure, the salt undergoes 
little change; a specimen kept for thirteen months over sulphuric 
acid was found at the end of that time to have lost only 0*7 per 
cent, of hydrogen chloride. At 15° it is twice as soluble as thio- 
carbamide, 1 part of the salt requiring about 4*5 parts of water-; 
the solution, however, contains much of the total base as free thio- 
carbamide. Curiously, it is less soluble than the nitrate, this seem¬ 
ing paradox depending on the fact that it is more hydrolysed than 
the latter; hence, a larger amount of water is necessary to dissolve 
the resultant free thiocarbamide. 

Fusion, which took place at about 136—137°, with the evolution 
of a trace of gas, was preceded by distinct softening; after recrystal¬ 
lisation from highly concentrated hydrochloric acid, the same 
behaviour was shown, except that the melting point was now 
135—136°. Ho sign of change was perceptible when the salt was 
put into the apparatus at 103°. 

Stevens found the substance to be fusible below 100°. To remove 
the mechanically adherent acid, he had washed the crystals with 
alcohol, a procedure likely to cause hydrolysis. On this point the 
following experiment was made: a quantity of the salt, having a 
primary melting point of 136—137°, was washed very rapidly, by 
tlie aid of the pump, with just enough strong alcohol to cover it; a 
portion, A, of the residue having been withdrawn, the remainder 
was again rapidly washed as before, leaving a twice washed mate¬ 
rial, B, the duration of each washing being about five seconds. 
Portion A, softened gradually from 60° on, changing at 75° to an 
opaque past© which, by 112°, was transparent ; portion B> placed in 
the apparatus at 85°, melted at once to- a turbid liquid, becoming 
clear at 98°. Although the melting point is so strongly affected, 
the extent of hydrolysis caused by rapid washing cannot b© very 
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great; for Stevens, who made several analyses, obtained quite satis 
factory figures. 

Another portion of the salt was heated at the fusion tempera¬ 
ture for haif-an-liour. The escaping gas consisted of hydrogen 
chloride, with a trace of hydrogen sulphide; the residue, entirely 
soluble in water, consisted principally of free thiocarbamide, together 
with a little unchanged hydrochloride and enough ammonium thio¬ 
cyanate (see Reynolds and Werner, T., 1903, 83, 4) to give a well- 
marked reddening with ferric chloride. No indication was 
detected in the residue of the presence of an imino-base, 

nh 2 *c(:nh)*sh. 

Although thiocarbamide is a diacidic base, yielding (see below) 
the salts CSN 2 H 4 ,H 2 S0 4 and CSN 2 H 4 ,H 2 C 2 0 4 , no evidence has 
been found that it can afford corresponding salts with monobasic 
acids; for example, the dihydrochloride, CSN 2 H 4 ,2HC1, is not pro¬ 
ducible—or, at all events, was not detected—even in the presence of 
a large excess of free hydrogen chloride. On the other hand, no 
sulphate, (CSN 2 H 4 ) 2 j H 2 S0 4 , could be isolated. 


Thiocarbamide and Sulphuric Acid . 

When sulphuric acid was mixed with a saturated solution of 
thiocarbamide in acetone, a colourless oil was precipitated, chang¬ 
ing, when kept over sulphuric acid in a vacuum, to a white, crystal¬ 
line substance, rapidly attracting moisture from the air. 

Found (by titration): H 2 S’O 4 ==55’0. 

CH 4 N 2 S,H 2 S0 4 requires H 2 S0 4 = 56*3 per cent. 

This rather low figure was the best obtained, other preparations 
giving lower values, the lowest of which was about 52 per cent. 

When thiocarbamide was treated with enough 98 per cent, sul¬ 
phuric acid to afford 1 molecular proportion of the acid, the base 
soon dissolved, yielding a syrup, possibly the solution of the salt in 
the small quantity of water present. This was at 20°; on cooling to 
9°, the syrup changed to a white solid. 

Thiocarbamide sulphate is soluble in glacial acetic acid, from 
which it is precipitated by acetone or by chloroform in oily droplets, 
which presently crystallise, 

Thiocarbamide Nitrate . 

Between the solubility of ready-formed thiocarbamide nitrate in 
water and that of thiocarbamide in a dilute nitric acid having 
about the concentration calculated from that solubility a disagree- 
rnent was found, the weights of water (for 1 part of thiocarbamide) 
being 6*8 parts and 8*3 parts respectively. The variance is probably 



DIXON: SALTS OF THIOC ABB AMIDE. 


687 


due to a partial oxidation of the salt, during the process of drying, 
into tiie dinitrate of fonnamidin© disulphide, C 2 S 2 N 4 H (J ,2HN0 3 , a 
sparingly soluble compound, which decomposes rather easily, with 
the production of free sulphur. The nitric acid used in preparing 
the nitrate was previously swept by a current of air, and in these 
circumstances the salt—except as mentioned above—seemed toler¬ 
ably stable. Curiously enough, when the nitric acid was previously 
boiled with carbamide, to remove every trace of nitrous acid, the 
nitrate prepared from it, as soon as it became dry in the desiccator, 
exploded. Emerson Reynolds, the first to produce thiocarbamide 
and its nitrate {Joe. cit .), records the tendency of the latter to de¬ 
compose spontaneously, or even to explode. 

Thiocarhamide and 0italic Add. 

By reason of the sparing solubility of both substances in cold 
water, it could be foreseen that hydrolysis would defeat the isola¬ 
tion of any but a nearly insoluble salt; and when cold, saturated 
solutions were mixed and evaporated, this proved to be the case. 
A mixture of oxalic acid and thiocarbamide, in molecular propor¬ 
tions, was dissolved in the minimum amount of hot water; from 
this also, on cooling, a mixture of the components was deposited. 

No better result was obtained by evaporating a cold solution in 
acetone. But when molecular proportions of thiocarbamide and 
of crystallised oxalic acid were together dissolved in about the 
minimum quantity of boiling acetone, a solid separated on cooling; 
when recrystallised from acetone, nearly saturated, in the cold, 
with oxalic acid, it formed small, white prisms melting at 73—74° 
and consisting of the anhydrous oxalate. 

Found: H B C 2 0 4 = 54‘2. 

GT1 { N 2 S,H 2 C 2 0 4 requires H 2 C 2 0 4 = 54*21 per cent. 

Acetic acid behaving for all practical purposes as a simple solvent 
of thiocarbamide, the idea occurred of using the former as a 
vehicle in which to present another acid for combination. On 
experiment, it proved that some salts are producible in this way; 
for example, when crystallised oxalic acid and thiocarbamide were 
together dissolved in the hot acid, the solution, as it cooled, de¬ 
posited rosettes of nearly white, opaque prisms which were recrystal¬ 
lised from dry acetone. (Found, H 2 C 2 0 4 = 54*27 per cent.) 

Thiocarhawide and Trichloroacetic A cid. 

A mixture of the constituents, in molecular proportion, was dis¬ 
solved in about half its own weight of hot water, the solution, when 
cool, remaining ejear. Chloroform was then added, to incipient 
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turbidity, and the turbidity dispelled by gentle warmth; on cool¬ 
ing, long, woolly-looking needles began to separate, changing, when 
the mixture was stirred, to .short, white prisms, which were thor¬ 
oughly washed with chloroform. The yield amounted to 64 per 
cent, of the theoretical, and the mother liquor gave a further crop. 
The salt was analysed by titration with alkali. 

Found: C a H0 2 Cl s = 68-6. 

CH 4 N 2 S,C 2 H0 2 C1 3 requires C 2 HO a Cl a =68'3 per cent. 

In aqueous solution, the compound gave the reactions of t’liio- 
carbamide; with lead acetate, it yielded no precipitate, and hence 
was not a. hydrochloride. 


Thiocarbamide and Monoehloroacctic A cid. 

Attempts to obtain a salt of these, by the use of glacial acetic 
acid, first at the boiling point and next at 60°, were unsuccessful, 
the respective products being isothiohydantoin hydrochloride and 
the hydrochloride of isothioliydantoic acid (the latter is isomeric 
with thiocarbamide monochloroacetate). Ray and Fernandes’s 
observation (T., 1914, 105, 2160) was confirmed, that wothiohydan- 
toic acid hydrochloride is produced when a mixture of monochloro- 
acetic acid and thiocarbamide, in acetone solution, is kept for 
twenty-four hours at the ordinary temperature. 


Thiocarbamide and Picric Acid . 

When to a hot concentrated solution of picric acid in 
glacial acetic acid 1 molecular proportion of thiocarbamide was 
added, the latter dissolved, communicating to the solution a deep 
orange colour. On cooling, long prisms separated, resembling mono¬ 
clinic sulphur in colour and in appearance; by dissolution in water, 
or even in hot acetone, the compound was resolved into its com¬ 
ponents. 

Found: S = 10*7. 

CH 4 N 2 S,C G H s 0 7 lSr 3 requires S = 10*5 per cent. 

On heating, the picrate first became dark brownish-red, and 
then melted, without deflagration. 

Attempts to combine thiocarbamide, in the presence of water, 
with chloric, perchloric, silicofluoric, orthophosphoric, or metaplios- 
phoric acid led to no decisive results; nor could a salt he obtained 
of phthalic, salicylic, tartaric, or dichloroacetic acid. In the last- 
named case an old observation (Dixon, T., 1893, 68, 816) was con¬ 
firmed, namely, that thiocarbamide, with dichloroacetic acid, yields 
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*\wthiohydantoin liydrocliloride—it is a curious reaction, and seems 
to merit further study. 

Regarding the configuration of the additive compounds, produced 
from free acids., HX, and thiocarbamide', it is more than difficult to 
arrive at any precise judgment. In practically all cases where a 
compound, RX, unites additively with thiocarbamide, and the posi¬ 
tion of the more electropositive fraction, R, can be ascertained, the 
latter proves to be conjoined with the sulphur atom. Since this 
applies both to alkyl haloids and to acyl haloids, it may reasonably 
be supposed to hold also for hydrogen haloids and for free acids 
generally; in other words, the salt probably contains the SH-com- 
plex. Moreover, on the dissolution of thiocarbamide in acids, 
hydrogen sulphide is commonly disengaged, this phenomenon occur¬ 
ring not alone with the strong mineral acids, but also with feeble 
organic acids. 

As to what becomes of the other radicle, X, we have at present 
no real knowledge. If it, too, combines with the sulphur, the 

NJff \ ^Ff 

product is a kind of sulphonium salt, (*) 1 ^ ^ £ oes 

to the carbon atom, the result is (NHg^CX’SH (ii); if somehow, 
in the long run, to the nitrogen atom, an ammonium salt must be 
formed, that is, XNH 3 *C(*.NH)*S'H (iii), or a tautomeride. Form 
(ii), one may judge, is rather possible than probable; hut, between 
(i) and (iii), so far as the author is aware, there are no facts yet 
known on which a decision may safely rest. 

With a view to learn if (iii) is warrantable, the idea occurred of 
trying whether thiocarbamide thiocyanate (presumably 

OSN 3 H 4j HSCN) 

would undergo by heat the isomeric rearrangement, characteristic 
of primary ammonium thiocyanates, thus: 

II S• C(: N FI)*NH 3 *SCN —> HS*C(:NH)-NH-CS*NH 2 . 

Here, a positive result would he decisive in favour of (iii). The 
accomplishment of the experiment has been defeated by an unfore¬ 
seen impediment; in no way tried could the salt he prepared. 
Anhydrous thiocyanic acid was not employed, but, as an approxi¬ 
mation, a hot, nearly saturated solution of barium thiocyanate in 
water (in which the salt is exceedingly soluble) was treated with 
one equivalent of thiocarbamide sulphate. From the filtered 
liquor nothing separated on cooling or on the addition of acetone; 
on spontaneous evaporation, thiocyanic acid escaped, the crystal¬ 
line residue consisting merely of impure thiocarbamide. These 
failures were unexpected, because, from the properties of its salts, 
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one might suppose tliiocyanic acid to resemble the strongest of the 
mineral acids. 

Krall, also, lias recorded (T., 1913, 103, 1383) the failure of all 
attempts to produce thiocarbamide thiocyanate; as he gives no 
indication of the methods employed, it is uncertain how far these 
were alike or different in the two cases of independent endeavour. 

Chemistry Department, 

University College, 

Cork. [Received, May 31 st, 1017*] 


LXf.— Catalysis* Part III. Some Induced 
Reactions. 

By Nilratan Dhar. 

When an aqueous solution of mercuric chloride is boiled with oxalic 
acid, there is no reduction of the mercuric chloride to the mercur¬ 
ous -state; but, as is well known, this mixture of mercuric chloride 
and oxalic acid decomposes at the ordinary temperature in sunlight 
according to the equation : 

2HgCL> + H 2 C 2 0 4 = 2HgCl + 2HCi 4- 2C0 2 . 

The same change, however, takes place in the dark, as the author 
has observed, if a drop of a N j 10-solution of potassium permangan¬ 
ate is first added to the mixture; as soon as the colour of the per¬ 
manganate is discharged, mercurous chloride begins to separate 
out. 

This phenomenon appears to be of general occurrence. Thus the 
reduction of mercuric chloride and bromide by oxalic acid, tartaric 
acid, citric acid, malonic acid, malic acid, glycollie acid, lactic 
acid, hydroxylamine hydrochloride, hydrazine hydrochloride, etc., 
the reduction of gold chloride by several reducing agents, the reduc¬ 
tion of silver nitrate, cupric chloride, and seleuious acid (to selen¬ 
ium) by various organic acids, eta, are promoted by the addition 
of such oxidising agents as potassium permanganate, potassium per¬ 
sulphate, manganese dioxide, potassium nitrite, hydrogen peroxide, 
etc. 

The experimental study of these induced reactions, as described 
below, shows that the effect is most marked in those cases which 
are sensitive to light. 

* Tor Parts I and II, see Proc, K. Akad, Wetensch. , Amsterdam, 1910, 18, 
1084, 1097. 
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hi the majority of instances the materials used had been ob¬ 
tained from Kahlbaum, and in many cases they were recrystallised. 

Measured volumes of the solutions were mixed and made up in 
every case to 100 c.c.; the mixtures then transferred to small 
Erlenmeyer flasks, and these were placed in a thermostat at a con¬ 
stant temperature. When sufficient time, as established by pre¬ 
liminary experiments, had been allowed for the completion of the 
reaction, the mercurous chloride formed was collected in a Gooch 
crucible and washed. The crucible was then heated at 105° in an 
air-oven until a constant weight was obtained. 

According to the customary nomenclature (Luther and Schilow, 
Zeitsch . physikal. Chew., 1903, 46, 777), the substance which 
induces the chemical change is known as the “ inductor ” (for ex¬ 
ample, potassium permanganate), the substance which takes part 
in both the changes is called the <f actor ” (for example, oxalic acid), 
and the third substance is the “ acceptor ” (for example, mercuric 
chloride). 

A. Oxalic Acid and Mercuric Chloride with Various Oxidising 
Agents as Inductors . 

(1) Inductor-Potassium Persulphate .—Oxalic acid is slowly oxi¬ 
dised by potassium persulphate according to the equation: 

K 2 S 2 0 8 + H 2 C 2 0 4 = 2C0 2 + 2KHS0 4 . 

The mixtures, to which varying quantities of potassium persulphate 
were added, contained in each case 25 c.c. of iY/10-oxalic acid and 
20 c.c. of xY/10-mercurie chloride, and the experiments were carried 
out at 100°: 


0*0104 gram 

K 2 SoO g gave 0*0248 gram HgCL 

0*0235 


K 2 S,O s 

11 

0*0555 

a 

HgCL 

0*0306 

,, 

k 2 s~o s 

11 

0*0674 

a 

HgCl. 

0*0585 

11 

KoS.>0 8 

11 

0*1937 

a 

HgCL 

0*0694 

11 

KoS'.Og 

11 

0*2007 

ii 

HgCl. 

0*0912 

11 

k 2 s 2 o 8 

11 

0*2076 

a 

HgCl. 

0*1303 

11 

K 2 S 2 O s 

11 

0*2080 

D 

HgCl. 

0*1884 

11 

K 0 S,O s 

11 

0*2266 

a 

HgCl. 

0*2381 

11 

k»s.o 8 

11 

0*1888 

i> 

HgCl. 

0*3303 

11 

K 2 S 2 O b 

)1 

0*1464 

a 

HgCl. 

0*4208 

1, 

k„s„o 8 

11 

0*1143 

a 

HgCl. 

0*5539 

11 

k 2 s 2 ,o 8 

11 

0*0720 

n 

HgCl. 

0*6549 

11 

K(,S.O s 

11 

0*0280 

n 

HgCl. 
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As shown by the figures in the- foregoing table, the amount of 
mercurous chloride formed increases to a maximum and then falls 
off with the increase in the persulphate concentration. 

Oxalates may be used instead of oxalic acid. Ammonium oxalate 
and mercuric chloride, when boiled, give a slight precipitate of mer¬ 
curous chloride, but if a small crystal of potassium persulphate is 
first added, a copious precipitate is obtained. 

(2) Inductor-Manganese Dioxide .—The manganese dioxide used 
in these experiments was obtained by allowing potassium perman¬ 
ganate to act on manganese sulphate in the presence of an excess 
of potassium or sodium nitrate; the precipitate produced consists 
of pure hydrated manganese dioxide. A weighed amount of this 
substance when air-dried was heated with a known volume of 
standard oxalic acid, containing sulphuric acid A part of the 
oxalic acid was oxidised by manganese dioxide, whilst the excess 
was titrated with standard permanganate. In this way, the amount 
of hydration was determined, and in the following tables the calcu¬ 
lated amounts of the anhydrous substance are given. 

Each mixture contained 50 c.c. of iY/10-oxalic acid and 20 c.c. of 
N1 10-mercurie chloride: 


Mn0 2 added. 
Gram, 
at (0-0108 
25° 4 0*0225 
( 0*0269 


at f 0*0114 
100°4 0*0145 
( 0*0234 


HgCl produced. 
Gram. 
0*0975 
0*1174 
0*1285 


0*1546 

0*1785 

0*1842 


The effect of sulphuric acid on the reaction was studied by adding 
to the mixture 20 c.c. of Y/5-sulphuric acid before making up to 
100 c.c.: 


MnO a added. 

HgCl produced. 

Gram. 

Gram. 

at [ 0-0125 

0*0712 

25° 4 0*0214 

0*0828 

(0*0267 

0*0875 

at [0*0110 

0*1437 

100°4 0*0136 

0*1612 

( 0*0224 

0*1695 


\(3) Inductor—Potassium Nitrite. —The solid potassium nitrite 
prepared by the double decomposition of recrystallised silver nitrite 
and potassium chloride (compare Bay and Dhar, T., 1912, 101, 
965) was purified by recrystallisation from water. A solution was 
prepared and standardised by evaporating a known volume in a' 
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platinum crucible on a steam-bath, heating the residue with sul¬ 
phuric acid, and weighing the potassium sulphate formed. 

Each mixture contained 25 c.o. of N / 10-oxalic acid and 20 c.c. of 
N1 10-mercuric chloride, and the experiments were carried out 


at 100°; 

0*0091 

gram 

KNG 2 gave 

0*0590 gram HgCL 

0*0181 

jj 

kno 2 „ 

0*0880 

33 

HgCl. 

0*0272 

» 

kno 2 „ 

0*1171 

33 

HgCL 

0*0725 

33 

kno: „ 

0*1858 

3 * 

HgCl. 

0*0907 

3 ) 

KNcC „ 

0*1984 

33 

HgCl. 

0*1814 

3 ) 

kno: „ 

0*2071 

33 

HgCl. 

0*4535 

3 } 

KNO., „ 

0*2214 

33 

HgCl. 


The amount of mercurous chloride formed increases with the 
increase^ in the concentration of potassium nitrite. 

When a small quantity of manganese sulphate is also present, the 
amount of mercurous chloride produced is independent of the con¬ 
centration of potassium nitrite, and almost the whole of the mer¬ 
curic salt is reduced, as the following table will show; 

In the presence of 0*0654 gram MnS0 4 : 

0*0091 gram KN0 2 gave 0*2276 gram HgCL 

0*0453 „ KN0 2 „ 0*2274 „ HgCl. • 

0*0907 „ KNOg „ 0*2276 „ HgCL 

(20 c.c. of N j 10-mercuric chloride = 0'2365 gram HgCL) 

(4) Inductor-Potassium Permanganate .—The mixtures to which 
varying quantities of potassium permanganate were added con¬ 
tained in each case 50 c.c. of N j 10-oxalic aeid and 20 c.c. of N / 10- 
mercuric chloride and the experiments were carried out at 25°; 


C.c. of 

HgCl 

•f- 1 

o 

1 

O 

produced. 

added. 

Gram, 

I 

0*0663 

2 

0*0827 

3 

0*1063 

5 

0*1122 

10 

0*1224 

20 

0*1660 


As shown by the figures in the foregoing table*, the amount of 
mercurous chloride formed increases with the concentration of 
potassium permanganate. If the concentration of permanganate 
is kept constant, the amount of mercurous chloride obtained 
increases with the increase in the concentration of either the actor 
or acceptor, as shown by the figures in the following tables: 
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56 c.e. iV/10-oxalic acid, 20 c.c. A"/10-KMnO 4 , and 

30 ,, A r /10-HgC] a gave 0‘202G gram HgCl at 25 vl . 

20 „ NI lO-HgClg „ 0*1660 „ HgCl „ 

10 „ NI lO-HgCIo „ 0*1179 „ HgCl „ 

35 c.c. A r /10~oxalic acid, 20 c.c. iV/lO-KMnO^ and 

30 „ iY/10-HgClo gave 0*1412 gram HgCl at 25°. 

20 „ N1 10-HgChJ „ 0*1248 „ HgCl „ 

10 „ N / 10-HgCl 2 „ 0*0875 „ HgCl „ 

The effect of manganese salt on the reaction was studied by add¬ 
ing 0*0654 gram of manganese sulphate' to the mixture of 50 c.c. of 
if/10-oxalic acid and 20 c.c. of A 7 /10-mercuric chloride: 

C.c. of HgCl. 

JV/10‘KMnO 4 produced, 

added. Gram. 

{ 2 0-1420 

at 25°1 5 0-1480 

I 10 0-1551 

The effect of sulphuric acid was studied by adding 4 c.c. of 
iV/2-sulphuric acid to the same mixture : 


C.c. of 

HgCl 

JV/10-KMnO 4 

produced 

added. 

Gram. 

1 

0*0076 

2 

0-0616 

3 

0-0830 

5 

0-0893 

10 

0*1067 

20 

0-1206 


It will he evident from the foregoing tables that manganese 
sulphate promotes, whilst sulphuric acid hinders the reduction. 
The joint effect of manganese sulphate and sulphuric acid was 
studied by adding 10 c.c. of A’-sulphurie acid in one case and 10 c.c. 
of iV-sulphuric acid and 0*0654 gram, of manganese' sulphate in the 
other, to the mixture of 25 c.c. of A 7 /IQ-oxalic acid and 10 c.c, of 
N j 10-mercuric chloride: 

HgCl obtained HgCl obtained 
with no man- with 0-0054 grain. 


C.c. KMn0 4 ganese salt, MnS0 4 . 

added. Gram. Gram, 

at f 5 0-0348 0*0556 

100°4 10 0-0425 0*0554 

[ 20 0-0184 0-0194 


Hence, even in the presence of sulphuric acid, manganese sulphate 
promotes the reaction. 

(5) Inductor-Chromic Acid .—Chromic acid when added to a mix¬ 
ture of mercuric chloride and oxalic acid, does not give a precipi¬ 
tate of mercurous chloride. In a subsequent paper it will be shown 
that the velocity of the oxidation of oxalic acid by chromic acid is 
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low. This oxidation, liowover, is greatly accelerated by manganese 
salts, and accordingly, if chromic acid and manganese sulphate 
together are added to the mixture of mercuric chloride and oxalic 
acid, a precipitate of mercurous chloride is obtained. 

Ordinary pure chromic acid was several times washed with con¬ 
centrated nitric acid, then dissolved in the minimum quantity 
of water, and reprecipitated by the addition of concentrated nitric 
acid. This product was heated in a steam-bath in order to free it 
from nitric acid, and finally purified by crystallisation from water. 

The mixtures to which varying quantities of manganese sulphate 
were added contained in each case 25 c.c. of N /10-oxalic acid, 
20 c.c. of A/lO-mercuric chloride, and 0*00253 gram of chromic 
acid : 


HgCl produced HgCl produced 


MnS0 4 added. at 25°. at 100°. 

Gram. Gram. Gram. 

0*00327 0*0107 0*0259 

0*00654 0*0306 0*1351 

0*01308 0*0850 0*1685 

0*01962 0*0887 0*1721 

0*03924 0*1042 0*2039 

0*05886 0*1074 0*2142 

0-1308 0*1121 0*2232 

0*1962 0*1120 0*2238 


As shown by the figures in the foregoing table, the amount of 
mercurous chloride formed increases with the concentration of 
manganese sulphate. To the same mixture of mercuric chloride 
and oxalic acid, 0*01962 gram of manganese sulphate and varying 
quantities of chromic acid were added : 


Chromic acid added. HgCl obtained. 


Gram. Gram. 

f 0*00253 0*0887 

at f 0*00606 0*1075 

25° 1 0*01515 0*0776 

[ 0*02525 0*0462 


Hence, with a definite concentration of manganese salt, the 
amount of mercurous chloride formed increases to a maximum and 
then decreases with the increase in the concentration of chromic 
acid. 

The effect of sulphuric acid was studied by adding 10 c.c. of 
JV-sulphuric acid to the mixture containing 40 c.c. of Nj 10-oxalic 
acid, 20 c.c. of i\ T /10-mercurie chloride, and 0*0654 gram of man¬ 
ganese sulphate with varying quantities of chromic acid: 


Chromic acid 
added. 
Gram. 
0*60101 
0*00253 
0*00656 


HgCl obtained 
with no H 2 S0 4 . 
Gram. 
0*1052 
0*1162 
0*1254 


HgCl produced 
with 

10 c.c. H s S0 4 . 
Gram. 
0*0474 
0*0503 
0*0518 


VOL. CXf. 


F If 



bhar: catalysis, part m. 


606 

Hence sulphuric acid is a retarder. 

(6) Inductor-Nitric Acid. —Nitric acid by itself cannot produce 
a precipitate of mercurous chloride when it is added to a mixture 
of mercuric chloride and oxalic acid; but nitric acid with man¬ 
ganese sulphate produces the precipitate. The oxidation of oxalic 
acid by nitric acid is also accelerated by manganese salts. Varying 
amounts of nitric acid were added to the mixture containing 40 c.c. 
of V/lO-oxalic acid, 20 c.c. of A r / 10-mercurie chloride, and 0*1962 
gram of manganese sulphate, and the following results were ob¬ 
tained at 100 °: 

HgCl 

C.c. N-HNO;.. obtained, 

added. Gram. 

0-1 0-2055 

0-2 0-2052 

0-5 0-2058 

In the presence of manganese sulphate, the amount of mercurous 
chloride produced is independent of the concentration of nitric 
acid. 

The following is a summary of the results obtained with oxalic 
acid as actor: 

(a) The greater the concentration of the inductor the greater is 
the amount of mercurous chloride obtained; this relation holds up 
to a certain limiting concentration of the inductor, after which an 
increase in the concentration of the inductor is accompanied in 
most cases by a decrease in the amount of mercurous chloride. 

(b) The higher the temperature the greater is the amount of 
mercurous chloride formed. 

(c) The greater the concentration of the actor (that is, oxalic 
acid), the greater is the amount of reduction. 

(d) Sulphuric acid hinders and manganese sulphate promotes the 
reaction. 


B. Tartaric A cul and Mercuric Chloride with various 
Oxidising Agents. 


As in the experiments already described, the total volume of 
the reaction mixture was 100 c.c. All the experiments recorded 
below were carried out at 100°, except where otherwise indicated i 


C.c. tartaric 

C.c. N/10-HgCl. 

Vol. oxidising 

HgCl obtained. 

acid used. 

used. 

agent added. 

Gram. 

50 of N/S 

25 

10 o.o. jV/10-KMnO 4 

0-0557 

50 „ N/5 

25 

20 „ N /10-KMitO, 

0*1133 

50 >f N/5 

25 

5 „ JV/10-K;,SjO b 

0*0143 

50 „ N/5 

25 

10 „ N/ 10-K 2 S.O 8 

0*0295 

50 „ JV/5 

25 

20 „ J5T/10-K,8 t O* 

0*0613 

50 „ N /5 

10 

5 „ ^/5-H 2 O a 

0-0247 

50 „ N/5 

10 

10 „ iV/5-HjOj 

0-0478 

25 „ N /10 

25 

3 „ A r /10-KMnO 4 

0-0177 / 

25 „ N /10 

25 

10 „ N/ 10-KMnO 4 

[0*0024 gram' at 
0*0457 7 
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From the foregoing results it appears tiiat the greater the con¬ 
centration of the inductor, that is, the added oxidising agent, the 
greater is the amount of mercurous chloride formed. With a 
definite concentration of the inductor the amount of mercurous 
chloride formed increases (a) with the concentration of the actor 
(tartaric acid), and (b) with the temperature. 

C. Malic Add and Mercuric Chloride with Oxidising Agents 
as Inductors. 

In each experiment 30 c.c. of iY/10-malic acid and 10 c.c. of 
N / 10-mercuric chloride were used, the quantity of inductor given 
in the following table was added, and the volume made up to 
100 c.c. Except where otherwise indicated, the experiments were 
carried out at 100°: 

5 c.c. iY/10-KMnO 4 gave 0*0297 gram HgCl (0*0070 gram at 
25°). 

3 c.c. gave 0*0189 gram HgCl (0*0035 gram at 25°). 

5 c.c. Nj lO-'KoSoOg gave 0*0153 gram HgCl and 3 c.c. gave 
0*0110 gram. 

5 c.c. N/ 5-HoOo gave 0*0112 gram HgCl and 3 c.c. gave 0*0074 
gram. 


D. M atonic Acid and Mercuric Chloride with Oxidising Agents 

as Inductors . 

Twenty-five c.c. of N / 10-xnalonic acid and 10 c.c. of N /10-mer¬ 
curic chloride were used for each experiment at 100°: 

5 c.c. iV r /10-KMnO 4 gave 0*0201 gram HgCl and 3 c.c. gave 
0*0118 gram. 

5 c.c. Nj5- H 2 0 2 gave 0*0159 gram HgCl and 3 c.c. gave 0*0107 
gram. 


E, Glycollic Acid and Mercuric Chloride with Oxidising Agents 

as Inductors . 

Twenty-five c.c. of iY/10-glycollic acid and 15 c.c. of iY/10-mer¬ 
curic chloride were used in each experiment at 100°; 

5 c.c. 7V'/10-KMnG 4 gave 0*0113 gram HgCl and 3 c.c. gave 
0*0077 gram. 

5 c.c. iV'/lO-KgBgOg gave 0*0054 gram HgCl and 3 c.c. gave 
0*0031 gram. 

10 c.c. N1 5“H 2 0 2 gave 0*0107 gram HgCl and 5 c.c. gave 0*0069 
gram. 

F F 2 
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F. Citric Acid and Mercuric Chloride with On: id id tty Agents as 

Inductors . 


In each experiment at 100°, 10 c.c, of N / 10-mer curie chloride 
were used: 


HgCl 

Volume of citric Volume of oxidising obtained, 

acid used. agent added. Gram. 

10 c.c. of AAacid f> c.c. of V/5-H.,0,> 0*0026 

10 „ IV-acid 3 „ N/o-BlOl 0*0017 

25 „ A r /10-acid 5 „ jV/I0-KMnO 4 0*0167 

25 „ xV/J 0-acid 3 A r /10-KMn() 4 0*0090 


G. Hydrazine Hydrochloride and Mercuric Chloride with 
Potassium Permanganate as Inductor 

In each experiment 20 c.c. of iY-hydrazine hydrochloride and 
10 c.c. of iV/10-mercuric chloride were used and measurements 
were made at 100°: 

10 c.c. iY-KMn0 4 gave 0*0314 gram HgCl and 5 c.c. gave 
0*0212 gram. 


H. Hydroxy la mi n e Hydrochloride and Mercuric Chloride with 
Potassium Permanganate as Inductor . 

In each experiment at 100°, 15 c.c. of iY-hydroxylamine hydro¬ 
chloride and 10 c.c. of iY/10-mercuric chloride were used: 

10 c.c. iY-KMn0 4 gave 0*0236 gram HgCl and 5 c.c. gave 
0*0114 gram. 

From the experiments recorded in B to H it appears, as from 
the experiments in A, that the greater the concentration of the 
inductor the greater is the amount of mercurous chloride formed. 

The activity of hydrogen peroxide as an oxidising agent in 
these cases, especially with tartaric and citric acids, is greatly 
increased by either ferric or ferrous salt. Thus, if mercuric 
chloride is boiled with tartaric acid and hydrogen peroxide is 
added to the mixture, a small amount of mercurous chloride is 
obtained, but if a drop of a ferric or ferrous salt is added to the 
mixture, an immediate, copious precipitate of mercurous chloride 
is formed. In Fenton’s reagent, ferrous salt is used, but in these 
cases both ferrous and ferric salts are equally active. 

Experiments were made with mercuric bromide instead of 
mercuric chloride, and results similar to those with mercuric 
chloride were obtained with all the reducing agents. 
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J. Copper Chloride and Organic Acids with Potassium 
Permanganate as Inductor . 

When copper chloride is boiled with tartaric acid, for example, 
no reduction to the cuprous state takes place, but when potassium 
permanganate is added to the mixture, then reduction occurs. In 
these cases, no precipitate of cuprous salt was obtained, but the 
cuprous salt formed remained in solution as part of a complex 
negative ion. 

To this solution potasium iodide was added, and the liberated 
iodine was estimated with standard thiosulphate. In this way, 
only the copper in the cupric state can be determined. The 
original cupric chloride solution having been treated in the same 
manner, the difference gave the amount of cuprous salt formed. 

In each experiment 0*2194 gram of cupric chloride was used 
and the volume of the reaction mixture made up to 100 c.c., 
measurements being made at 100 °: 


Volume of acid used. 

Volume of 
A7.10-KMnO 4 
added. 

Cuprous salt 
produced. 
Grain., 

Percentage 

reduction. 

25 c.c. 

of JV/2-tartaric 

40 c.c. 

0-053S 

25 

25 

20 „ 

0-0266 

12 

25 * 

,, iV-eitric 

40 

0-0202 

9 

25 

,, jV/2 -lactic 

25 „ 

0-0124 

5*5 

35 

40 „ 

0-0154 

7 

35 

»» 

,, N/o -malic 

25 „ 

0-0101 

4*5 

25 

40 „ 

0-0112 

5 

25 

25 „ 

0-0065 

3 


The foregoing figures show that potassium permanganate pro¬ 
motes the reduction of cupric chloride by tartaric acid, citric 
acid, etc. 

Oxalic acid cannot be used as a reducing agent, since cupric 
oxalate immediately separates out when the acid is added to the 
cupric salt, 

K. Gold Chloride and Organic Acids with Various Inductors . 

Gold chloride is reduced more rapidly by reducing agents when 
an oxidising agent is added to the mixture. When the reduction 
is effected by hydrogen peroxide and a few drops of potassium 
permanganate are added, the colour of the latter is discharged in 
a few seconds, and almost immediately black particles of gold, 
gradually becoming brown, separate out. This may serve as a 
lecture experiment on induced reactions ; instead of hydrogen per¬ 
oxide, a solution of per carbonate may be used with similar effect. 

The gold chloride used in the following experiments contained 
1*8 grams of gold per litre. The volume of the reaction mixture 
in each case was 25 c.c., and the experiments were made at 25°: 
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Time re¬ 

Volume of 



quired for 

gold 



appearance 

chloride 

Volume of reducing 

Volume of oxidising 

of gold 

used. 

agent used. 

agent added. 

particles. 

2 

c.c. 

5 c.c. iV/10-oxalic acid 

0 

10' 0" 

2 

? 9 

5 c.c. iV/ 10 -oxalic acid 

0-1 c.c. Nf 10 KMn0 4 

4' O'' 

2 

1 9 

5 c.c. N/ 10 oxalic acid 

0-2 c.c. V/IO-KM 11 O 4 

2' 20" 

5 

9 i 

5 c.c. JV/10-tartaric acid 

0 

40' 30" 

a 

99 

5 c.c. N/ 10 -tartaric acid 

0-3 c.c. V/lQ-KMn0 4 

10' 0" 

5 

9 9 

5 c.c. JV/ 10 -tartaric acid 

0-5 c.c. !V/10-KMnO 4 

7' 2" 

r> 

9 9 

a c.c. JV/lO-citi’ic acid 

0 

26' 6" 

5 

99 

5 c.c. Nj 10-citric acid 

0*5 c.c. N/ 10 -KMnO 4 

7' 5" 

5 

9 9 

5 c.c. AT’/ 10 -citric acid 

0-75 c.c. V/10-KMnO 4 

r>' 20" 

5 

9 9 

5 c.c. N/ 10-malic acid 

0 

46' 0" 

f» 

9 9 

5 c.c. AT/10-malic acid 

0-5 c.c. Nf 10 -KMnO 4 

12' 0" 

5 

9 9 

5 c.c. lV/10-malonic acid 

0 

20' 10" 

a 

99 

5 c.c. N/ 10-malonic acid 

0-5 c.c. N/ 10-KMnO 4 

5' 5" 

5 

99 

10 c.c. V/5 -Ho0 2 

0 

9' 40" 

5 

99 

10 c.c. N/ 5-H;0 2 

0*5 c.c. JV/10-KMnO 4 

2' 5" 

5 

99 

10 c.c. JV/ 100 -HoSO 3 

0 

5' 30" 

5 

99 

10 c.c. AT/100-H 2 S0 3 

0*5 c.c. Nl 10 -K 2 S a O 8 

0 ' 20 " 

2 

99 

5 c.c. 1V/100-H 2 SO; 

0 

5' 40" 

2 

9 J 

5 c.c. JV/ 100 -H 2 SO s 

0*1 c.c. AT/lO-KMnO* 

0' 40" 

2 

>> 

5 c.c. JV/100-H 2 S0 3 

0*2 c.c. Nf lO-KMnO, 

0' 30" 


L. 

Silver Nitrate and Organic Acids with Potassium 


Permanganate as Inductor. 


When a solution of silver nitrate is boiled with tartaric acid, 
citric acid, etc., there is practically no reduction, but when 
potassium permanganate is added to the mixture, black silver 
particles separate out. The volume of the reaction mixture was 
made up to 25 c.c. and measurements were made at 60°. In each 
experiment 5 c.c. of N j 10-silver nitrate were used: 


Volume of reducing agent 

Volume of 
Af/lO-KMnO* 

Time required 
for the appear¬ 

used. 

added. 

ance of silver. 

10 c.c. N/5 ’malic acid 

3 c.c* 

6 ' 

10 c.c. A/'/S-malic acid 

1 „ 

15' 

10 c.c. A7/5-tartaric acid 

3 

5' 

10 c.c. N /5-tartaric acid 

1 „ 

13' 

10 c.c. JV/4-citric acid 

4 „ 

5' 

10 c.c. JV/4-eitric acid 

1*5 „ 

20 ' 

10 c.c. A7/10-malonie acid 

3 „ 

12 ' 

10 c.c. A7/10-malonic acid 

1 ,, 

30' 

10 c.c. N / 10 -lactic acid 

3 », 

16' 

10 c.c. TV/ 10 -lactic acid 

1 „ 

46' 


M. Sodium Selenite and Reducing A gents with Potassium 
Permanganate as Inductor » 

Sodium selenite is not reduced to selenium at the ordinary 
temperature by oxalic acid, tartaric acid, etc.; reduction takes 
place only when potassium permanganate is added to the mixture. 
Measurements were made with 10 c.c. of 5-sodium selenite at 
25°, the volume of the reactor mixture being 25 c.c.: 
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Volume of 




AVlO-KMiiO. 

'Fimo for the 

Volume of reducing agent used. 

added. 

appearance of St* 

10 c.c. N /10-oxalic acid 

3 c.c. 

S' 

10* 

10 c.c. Nj 10-oxalic acid 

2 

12' 

5" 

10 c.c. N/5 -tartaric acid 

3 ” 

12' 

50" 

10 c.c. N/5- tartaric acid 

2 

19' 

10" 

10 c.c. Nj 4-citric acid 

3 ;; 

10' 

5" 

10 c.c. N /4-citric acid 

2 „ 

17' 

0" 

10 c.c. iV/10-malonic acid 

3 „ 

15' 

22" 

10 c.c. Nj 10'-malonic acid 

2 

22' 

30" 

10 c.c. N/5 -malic acid 

3 ” 

n f 

10" 

10 c.c. V/5-malic acid 

2 

20' 

5" 

10 c.c. N -hydroxylamine hydrochloride 

i \\ 

S' 

10" 

10 c.c, JV~hydroxylamine hydrochloride 

2 

5' 

2" 

10 c.c. N -hydrazine hydrochloride 

3 \\ 

5' 

r 

10 c.c. AAhydrazine hydrochloride 

k > 

S' 

30" 


From the experiments recorded in the foregoing tables, it 
appears that the greater the concentration of the inductor, 
potassium permanganate, the more rapid is the reduction. 


Change of Conductivity in Induced Reactions, 


With the object of obtaining further information on the course 
of these induced reactions, measurements of electric conductivity 
were undertaken. 

Fresh solutions of all the reacting substances in “ conductivity 
water ?? were prepared and measurements carried out by the usual 
Kohlrausch method. Experiments were made with oxalic and 
malonic acids as actors, mercuric and gold chlorides as acceptors, 
and potassium permanganate as inductor. The conductivity of 
the reaction mixture falls off very rapidly at first, and as soon as 
the reduction of the metallic salt begins, the conductivity again 
rises slowly. The following table will illustrate a typical change 
of conductivity. Fifty c.c. of W/lO-oxaiic acid, 20 c.c. of N j 10- 
mercuric chloride, and 20 c.c. of Nj 10-potassium permanganate 
were mixed: 


Time. 

Specific conduc¬ 
tivity at 25°. 

0 

0-00823 

5' 

0*00726 

10' 

0-00588 

15' 

0-00392 

20' 

0-00309 

25' 

0*00315 

30' 

0-00334 

35' 

0*00341 

40' 

0-00345 

45' 

0-00348 

50' 

0*00352 

55' 

0*00358 

60' 

0*00364 

65' 

0*00365 
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If the reacting organic acid were first converted into formic 
acid, the fail in conductivity would almost certainly not have 
been so very rapid, and the conductivity measurements do not 
support the view of the intermediate formation of formic acid as 
a product of the oxidation of oxalic or malonic acid. The rapid 
fall of conductivity is most probably due to the oxidation of the 
organic acid {for example, oxalic, malonic, etc.) straight away to 
the almost non-conducting carbon dioxide and water. The second 
slow increase is to be attributed to the formation of hydrochloric 
acid, which is a product of the change. 

Attempts have been made to study the kinetics of these induced 
reactions, and from the experimental results curves showing 
definite period of induction are obtained. No definite conclusion 
as to the course of these reactions can, however, be obtained. 

Mercuric chloride may be used as an indicator showing the 
acceleration of the oxidation of oxalic acid by any substance; 
when there is an acceleration, mercurous chloride is obtained. It 
seems probable that when there is acceleration of the oxidation 
of oxalic acid by a catalyst, a substance with greater reducing 
power than oxalic acid is formed; thus, when the indicator, 
mercuric chloride, is present in the oxidation of oxalic acid by 
chromic acid, mercurous chloride is not formed; on the other 
hand, if manganese sulphate is added to the mixture, there is a 
marked acceleration of the oxidation of oxalic acid by chromic 
acid, and simultaneously a precipitate of mercurous chloride is 
obtained. 

In order to throw further light on these reactions, the kinetics 
of individual reactions involved in these complex changes have 
been separately investigated and are described in the following 
paper. The kinetic measurements will show that the order of the 
oxidation of oxalic acid by chromic acid in the presence of 
manganese salts is quite different from that of the reaction in 
which no manganese salt is present. 

Moreover, it is seen that manganese is quite unique in its 
behaviour in this oxidation; cobalt or iron or chromium salts 
cannot be used instead of manganese salts. 

Discussion of Results, 

In all the experiments on induced reactions recorded above, the 
oxidising agents take part, and are themselves reduced during the 
chemical change. According to Wagner (Zeiisch. pht/sikal. Chew., 
1899, 28, 33), these reactions may be regarded as examples of 
pseudo-catalysis. Ostwald uses the term " catalysis by transveo 
tion” (Uebertragimgskatalyse). 
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On consulting the literature on the subject, it is observed that 
practically no instance exactly of this nature is known. The work 
on induced reactions recorded hitherto refers to reactions with 
two reducing* agents and one oxidising agent. In the reactions 
investigated in this paper there are two oxidising agents (for 
example, mercuric chloride and potassium permanganate) and 
only one reducing agent (for example, oxalic acid or sulphurous 
acid). 

At first the primary change, namely, the oxidation of the 
reducing agent by the inductor (potassium permanganate or 
hydrogen peroxide), takes place, and this primary change induces 
or promotes the secondary change, that is, the reduction of the 
acceptor (for example, mercuric chloride) by the actor (for example, 
oxalic acid). In other words, the potential oxidising power of mer¬ 
curic chloride is activated by the previous oxidation due to the 
inductor. 

The reducing agent divides itself, as it were, between the two 
oxidising agents, and the proportion in which it is divided between 
the two oxidising agents may be termed the induction factor (!) 
(compare Luther and Schilow, Joe. cit .) : 

j ___ amount of acceptor transformed 
amount of inductor used up. 

It can be shown theoretically that the induction factor would 
be proportional to the ratio of the concentrations of mercuric 
chloride and potassium permanganate at the beginning of the 
reaction. From the figures on p, 693, one finds that 50 c.c. of X/'IO- 
oxalic acid, 20 c.c. of N /10-mercuric chloride, and 

1 c.c. A/10~KMnO 4 gave 0*0663 gram HgCl=2*9 c.c. lY j 10- 

oxalic acid. 

2 c.c. N/ 10~:KMnO 4 gave 0*0827 gram HgCl=3*5 c.c. Nj 10- 

oxalic acid. 

3 c.c. N1 10-KMnO 4 gave 0*1063 gram HgCl“4‘53 c.c. N /10- 

oxalic acid. 

5 c.c. Nj 10-KMnO 4 gave 0*1122 gram HgCl=4*95 c.c. Nj 10- 
oxalic acid. 

10 c.c. A/10-KMnO 4 gave 0*1224 gram HgCl=5*3 c.c. A/10- 
oxalic acid. 

20 c.c. 2VyiO-KMnO| gave 0*1660 gram HgCEE7*0 c.c. Nj 10- 
oxalic acid. 

Hence the induction factors are: 

2*9/1, 3*50/2, ' 4*53/3, 4-95/5 5*3/10, 7/20 

2*9 1*75 1*5 0-99 0*53 0*35 

F F^ 
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Tlie maximum limit of the induction factor in this reaction 
is 3. Consequently it follows that the inductor (potassium per¬ 
manganate) will receive and oxidise 1 molecule of oxalic acid, 
whilst the acceptor (mercuric chloride) will oxidise 3 molecules. 
On comparing these values of the induction factor (!) with the 
corresponding ratios of the concentrations of mercuric chloride (G a ) 
and potassium permanganate (C,{) at the beginning of the reaction,, 
the following results are obtained: 

I = 0-35 0-53 0-99 1*50 1*75 2-9 

GJCi = 1 2 4 6*66 10 20 

From the foregoing figures it appears that the induction factor 
increases as the ratio of the concentrations of mercuric chloride 
and potassium permanganate at the beginning of the reaction is 
increased. 

In the phenomenon of co-fermentation we have a physiological 
analogue of these reactions. Magnus ( Zeitsch, 'physiol . Ghent 
1904, 42, 149) has shown that one enzyme is able to do its special 
work only in the presence of another enzyme. Further, Ipatiev’s 
method for the hydrogenation of organic compounds (. Ber ., 1907, 
40, 1270, 1281; 1909, 42, 2089) furnishes another analogue of 
these reactions. In his method a variety of catalysts—alumina, 
nickel oxide, copper oxide, etc—is used, and in the presence of 
these catalysts reductions are effected by hydrogen. Here 
oxidising agents (for example, copper oxide, alumina, etc.) are 
used in helping a reduction. Ipatiev tentatively explains the 
process on the assumption that at first the metallic oxide is reduced 
with the formation of water, which regenerates the oxide and 
liberates active hydrogen. 

The mechanism of these induced reactions is still obscure. 
Luther and Schilow's work (loc. cit .) does not take us further than 
their classification. By some investigators the formation of an 
intermediate compound is regarded as important in the mechanism 
of induced reactions, but Dixon (T., 1886, 49, 94) has pointed out 
that the mere isolation of such a product does not necessarily 
prove that the reaction proceeds in that particular way. The 
assumed intermediate compound may be, in reality, a by-product 
of the reactions. 

In order that a chemical change can occur at all, it must be 
associated with the diminution of free energy. This loss depends 
only on the initial and final stages of the reaction, not on its 
course. On the other hand, the velocity of the reaction is strictly 
proportional to this loss. Hence we should be inclined to con¬ 
clude that the velocity of the reaction in a given system must 
have the same value, whether the process is direct or indirect—- 
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whether it takes place in one or several steps* Stick a conclusion 
would be incorrect, for, besides the loss of free energy, the velocity 
of reactions depends on many factors, which are by no means 
all known. Hence Ostwald has urged that the velocity of each 
separate reaction concerned must be actually measured. The 
application of this method to complex reactions yields evidence 
that in some cases at least intermediate compounds are formed. 
The study of the oxidation of oxalic acid by chromic acid with 
and without manganese sulphate (see following paper) has proved 
that although the final products-are the same in both cases, yet 
in the presence of the positive catalyst, manganese sulphate, the 
order of the reaction is altogether changed. Hence it seems 
reasonable to suppose that in the presence of manganese sulphate 
some kind of intermediate compound takes part in the change. 

It has been suggested that in induced reactions hydrogen 
peroxide is first formed (compare Kastle and Loevenhart, Amer. 
Ghent, 1903, 29, 397, 517); but the foregoing results have 
shown that hydrogen peroxide itself is a much less active inductor 
than potassium permanganate. Moreover, a solution of mercuric 
chloride when boiled with hydrogen peroxide gives scarcely any 
precipitate of mercurous chloride. 

As regards the oxidation of organic acids, it is conceivable that 
formic acid is the first product. Pean de Saint Gilles (Ann. 
Ghim. phys., 1850) has shown that in sulphuric acid solution the 
oxidation of tartaric acid by potassium permanganate takes place 
according to the equation: 

C 4 H 6 Q 6 + 30 = 2H*C0 2 H a- 2C0 3 + H a O. 

As a matter of fact, the formic acid produced can be distilled 
off and collected. In order to test whether there is any ground 
for assuming the intermediate production of formic acid in the 
oxidation of oxalic acid, the following experiments were made. 
The induction due to chromic acid and manganese sulphate was 
studied at 0°. The reacting substances were previously cooled 
to 0° before mixing, and the reaction was allowed to proceed at 
that temperature for twenty hours; the mercurous chloride formed 


was quickly collected in 

a Gooch crucible. 

The total volume 

the mixture in each case 

was 100 c.c. 


Twenty-five c.c. A/10-oxalic acid, 20 c.c. 

iV/10-HgClo, and 

Chromic acid. 

HgCl produced 

HgCl produced 

[0-0654 gram MnSO.] 

[0*0327 gram MnS0 4 ], 

Gram. 

Gram. 

Gram. 

0-00101 

0-0260 

0-0185 

0-00253 

0-0379 

0*0276 

0-00505 

0*0470 

0*0284 

0-01515 

0-0326 

0*0202 

W F* 2 
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The experiments show clearly that even at 0° the induction 
takes place. On the other hand, when a mixture of 25 c.c. of 
iV/3-formic acid and -20 c.c. of N j 10-inercurie chloride was made 
up to 100 c.c. and kept at 0° for twenty hours, no precipitate of 
mercurous chloride was obtained; it was further observed that 
iV/10-sodium formate cannot reduce mercuric chloride at 0°. 
Evidently these experiments prove that formic acid cannot be an 
intermediate product in the oxidation of oxalic acid. 

The analogy between these induced reactions and photo¬ 
chemical reactions has already been referred to. D. Berthelot 
{(Joni'pf. rend., 1910, 150, 1.327) stated that oxalic acid when 
exposed to light produced formic acid and carbon dioxide. The 
author lias observed that if silver chloride or bromide or mercuric 
iodide is exposed to sunlight with a solution of an oxalate for a 
sufficient length of time, and the mixture is agitated, reduction 
takes place to metallic silver and mercurous salt respectively. On 
the other hand, reduction does not take place in any of these cases 
with formates or formic acid. Again, if an oxalate is added to a 
solution of a cupric salt, a precipitate of cupric oxalate is obtained, 
and if an excess of the oxalate is added, the precipitate dissolves 
to a blue solution. This complex copper oxalate solution is sensi¬ 
tive to light and decomposes on exposure to sunlight into metallic 
copper and carbon dioxide. On the other hand, the blue solution 
of a complex formate obtained by mixing excess of ammonium 
formate with a cupric salt can be boiled without any change; and 
it does not decompose when exposed to sunlight. 

The facts just cited do not support the idea of the production 
of formates when oxalates and oxidising agents (for example, 
silver salts, copper salts, etc.) are exposed to light. 

In the case of induced reactions, the analogy between the 
behaviour of an inductor and that of light is quite striking; the 
behaviour of a mixture of mercuric chloride and oxalic acid in 
the presence of potassium permanganate and of light is an illus¬ 
tration of the point. Not only is the mixture extremely sensitive 
to both these agents, but the shining crystals of mercurous chloride 
obtained in the two cases as the product of the reaction are closely 
similar in appearance. The analogy between photochemical reac¬ 
tions ai\d those in which chemical catalysts play a part will be 
further developed in the following paper. 

Imperial College or Science and Technology, 

London, S.W. [Received, June 21 st, 1917.] 



DHAR I CATALYSIS. TART IV. 


707 


LX1L— Catalysis. Part IV. Temperature Coefficients 

of Catalysed Reactions . 

By Nilratan Dhar. 

In the foregoing paper it has been shown that although oxalic 
acid cannot reduce mercuric chloride even when boiled, the addi¬ 
tion of a few drops of chromic acid and a trace of manganese salt 
is followed by the reduction of the chromic acid, and immediately 
thereafter by the reduction of mercuric chloride. It is the object 
of the present communication to throw light on the mechanism 
of this and other induced reactions, and, further, to study 
the temperature coefficients of reactions influenced by chemical 
catalysts or by light. The effect of change in the concentration of 
the reacting substances on temperature coefficients has also been 
investigated. 

The investigation has covered the kinetics of the oxidation of 
oxalic acid and formic acid by chromic acid, and the oxidation of 
formates and oxalates by iodine, mercuric chloride, and silver 
nitrate. 

Experimental. 

Oxalic Acid and Chromic Acid . 

Oxalic acid is slowly oxidised by chromic acid at the ordinary 
temperature, but at about 25° the velocity of the reaction is quite 
measurable. 

Ordinary pure chromic acid was repeatedly washed with con¬ 
centrated nitric acid in order to remove potassium salts. The 
washed specimen was dissolved in the minimum quantity of water 
and precipitated with concentrated nitric acid; this product was 
freed from nitric acid by heating it electrically in a vacuum 
desiccator over potassium hydroxide. The product was finally 
purified by r©crystallisation from “conductivity water and dried 
in a steam oven. 

The ordinary pure oxalic acid was first crystallised from water 
to which were added a few drops of hydrochloric acid in order to 
decompose any sodium oxalate if present. This product was 
several times recrystallised from water and dried centrifugally. 

Measured volumes of oxalic acid and chromic acid which had 
been previously brought to a constant temperature in a thermostat 
were rapidly mixed, and the time was noted. After definite 
intervals of time, measured quantities were withdrawn by means 
of calibrated pipettes. The unchanged chromic acid remaining 
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was allowed to act on a mixture of potassium iodide and hydro¬ 
chloric acid, and the iodine liberated was estimated with standard 
thiosulphate. The thiosulphate solution was prepared in distilled 
water freed from carbon dioxide and was about If j 60, 

The thermostat regulators used were spiral ones fdled with 
toluene (Lowry type), and the Gotze thermometers (divided into 
tenths) employed in the thermostats were checked against a normal 
thermometer which had been calibrated by the National Physical 
Laboratory. 

Order of the Reaction.—The velocity of the reaction may be 
represented by an equation of the form — dc x fdl — hc-f n c£ l , where 
Cj and c 2 represent concentrations of chromic acid and oxalic acid 
respectively. 

Determination of m .—In the following series of experiments the 
oxalic acid used was in large excess, and hence the concentration 
may be taken as practically constant during the course of the 
reaction; thus the velocity equation takes the following form: 
~dc 1 /dt~(kc 2 n )c 1 m —k 1 c 1 m , where k l ~kc 2 n . The order of the 
reaction under the conditions specified is therefore the same as m. 

Since the free chromic acid in the solution is equivalent to the 
amount of thiosulphate required, it is sufficient to give for each 
observation the amount of thiosulphate in c.c. The results 
recorded in the following four Tables were all obtained at 25°. 


Table I. 


j.V/5-oxalic acid and Nj 100-chromic acid. 


Time in 
minutes. 
0 
8 

17 

33 

43-5 

70-5 


ZN / 20-oxaiic acid and 

0 

20 

38 

50 

07 

89 


C.c. of 

Thiosulphate. k L 1 /t log cjc. 
31*3 

21-7 0-0198 

14*45 0*0197 

6*95 0*0198 

4-25 0*0199 

1*25 0*0198 


Mean ... 0-0198 


Table II. 

N11 00-chromic acid. 


31*3 

— 

20*5 

0*00919 

14-0 

0*00919 

10*9 

0*00916 

7*65 

0*00913 

4-9 

0*00905 
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Table III. 

N j 10-oxalic acid and Nj 100-chromic acid. 

Time in 

C.c. of 


minutes. 

Thiosulphate. 

1/6 log c 0 /e. 

0 

31-25 

— 

23 

25*6 

0*00376 

52 

20*4 

0*00356 

91 

15-2 

0*00344 

127 

11*85 

0*00332 

167 

9*1 

0*00320 

.Y/20-oxalic acid and 

Table IY. 

N /100-chromic acid. 

0 

34*6 

— 

156 

27*8 

0*000602 

197 

26-45 

0*000592 

354 

21*95 

0*000558 

610 

15*5 

0*000515 

1250 

10*25 

0*000422 


It appears that, in spite of a slight tendency to fall oil, the 
values of 7c x calculated for m = 1 exhibit such a degree of con¬ 
stancy that the equation indicating a unimolecular reaction may 
fairly be regarded as the appropriate one. Hence, in the presence 
of a large excess of oxalic acid, the oxidation follows the 
unimolecular law. 

Determination of n .—The method used was OstwakFs isolation 
method.” As remarked before, the constant 7c x involves the con¬ 
centration of the oxalic acid in a manner expressed by the equa¬ 
tion h x = kti* 1 , where 7c is the intrinsic velocity coefficient, c the 
concentration of oxalic acid, and n the number of oxalic acid 
molecules taking part in the reaction. Supposing that k t f and k/ 
are the values of 7c x obtained in two experiments, in each of which 
the initial concentration of chromic acid is the same, whilst the 
concentrations of oxalic acid are different, say e r 2 and c ft 2 , the 
following equations are obtained; 


v 


kef 11 , kf = kc 2 "*\ whence n — lo: 


= W 


log' 


In using the measurements recorded in the foregoing Tables for 
the purpose of determining n } those values of iSq are chosen where 
the amounts of unchanged chromic acid are approximately equal 
in the separate series. On comparing the Tables, the following 
results are obtained; 

Concentration of oxalic acid. (1) N/5 (2) 3 N/20 (3) N/10 (4) Nj %0 

Value of h t . 0-0198 0*00916 0-00320 0*000422 
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It is evident that the values of k x decrease rapidly as the con¬ 
centration of oxalic acid diminishes, which indicates a high value 
for the exponent n. The actual values of n calculated are 2*7 
[from (1) and (2)], 2*65 [from (1) and (3)], 2*7 [from (1) and (4)], 
2*65 [from (2) and (3)], 2*85 [from (2) and (4)], and 2*9 [from (3) 
and (4)], It is seen that n approaches closely to the value 3, and 
the velocity coefficient k l varies, therefore, as the cube of the con¬ 
centration of oxalic acid. 

To sum up, the oxidation of oxalic acid by chromic acid is 
imimoleeular with respect to chromic acid and termolecular with 
respect to oxalic acid, and consequently the whole reaction is 
quadrimolecular. The course of the change may accordingly bo 
represented by the equation: 

H 2l Cr A + 3H 2 a0 4 = 0,0* + 4H s O + 6C(X, 

The neutralisation of chromium oxide (Or 2 O a ) by oxalic acid is 
probably extremely rapid, and in this case would not affect the 
velocity of the reaction. 

In order to study the effect of change in the concentration of 
chromic acid, further experiments were made at 25°, the results 
of which may be summarised as follows: 


With V 1 4-oxalic acid. 


Concentration of chromic acid .... 

.. Nj 200 

Nl 100 

Nl 50 

Value of Aq . 

.. 0-0331 

0-0317 

0-0208 

With 3iV h /20-oxalic acid. 

« 



Concentration o£ chromic acid .... 

.. iV/250 

iV/200 

2V/50 

Value of l\ ...... 

.. 0-0100 

0-0103 

0*00837 

It will be seen from the above figures 

that the 

value of the 


velocity coefficient k t appears to vary with the initial concentra¬ 
tion of the chromic acid, becoming greater as the latter diminishes. 
This variation of k x cannot be ascribed either to varying ionisation 
or to any of the ordinary disturbing effects arising from the pro¬ 
ducts of the reaction, since these would in general exert an 
influence during the course of the reaction, whereas the results 
recorded in Tables I to IV show that the value of is practically 
constant under these conditions. The coefficient is obviously 
affected by some factor which remains constant during a par¬ 
ticular series of experiments, but varies from one series to another. 

Since the velocity coefficients fall off as the concentration of 
chromic acid is increased, it does not appear justifiable to apply 
any of the methods for determining the order of the reaction 
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which are based, on varying dilution, since these assume that the 
velocity coefficient is intrinsically independent of concentration, 
whereas the course of the reaction may be disturbed by secondary 
causes. Thus the well-known formula of Noyes, 

m =14- log- 1 /log— 2 , 

t. 2 l 

is derived by integration from the differential velocity equation 
— dc/dt = kc m , on the assumption that the velocity k is in¬ 
dependent of the concentration. In some subsequent experiments 
it will be shown that chromium salts, which are a product of the 
reaction, have practically no effect on the velocity. It has been 
assumed that the action of chromium oxide (Cr 2 0 3 ) on oxalic acid 
is practically instantaneous. This would be the case if the oxalic 
acid were in very large excess; but when the oxalic acid is not in 
very large excess this neutralisation may have a definite velocity, 
which would affect the kinetics of the whole reaction, producing a 
retarding effect on the chemical change. This is probably the 
explanation of the fall in the velocity coefficient with the increase 
in the concentration of chromic acid. 

In order to determine the temperature coefficient of the reaction, 
measurements were made at different temperatures. Typical 
examples of the results obtained are recorded in detail in Tables 
V and VI. 


Table V. 


iY/10-oxalic acid and N / 200-chromic acid. 


Time in 

At 25°, 

O.e. of 


minutes. 

Thiosulphate. 


0 

16-65 

— 

43*25 

11*25 

0*00393 

89 

7-55 

0*00386 

130-25 

5* 35 

0*00378 

191 

3-3 

0-00368 

248 

2-05 

0-00367 


Mean . 

. 0*00378 

0 

Table VI. 

At 35°. 

16-6 


21*15 

11*35 

0-00780 

41 

8*15 

0-00753 

73 

4*95 

0*00719 

90 

3-8 

0*00711 

106 

3-05 

000695 


Mean . 

. 0-00732 


Hence temperature coefficient for 10° riae**k t+10 /k t = l* 94. 
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Tli© results of other measurements with oxalic and chromic acids 
at different temperatures are summarised below: 

iY/20-oxalic acid and A/'200~chromic acid. 


Temperature. Mean k L . 

25° 0*000050 \ 

35° 0*001200 t 


l*or> 


3 A /20-oxalic acid and iV/200-chromic acid. 


30" 


0*0103 ) 
0*0108 j 


iV/10-oxalic acid and N/l 00-chromic acid. 


25° 0*00346 i 

40° 0*00900 

50° 0*0162 t 

60° 0*0279 1* 


1*90 

1-80 

1-72 


Nj 20~oxalic acid and N/l 00-chromic acid. 


25° 

40° 

50° 

60° 


0*0005621 
0*00149 
0*00272 r 
0*00472 } 


1-90 

1*83 

,1*72 


Applying the Arrhenius formula, log k x / k. z = A (T l ~ 2\) / Tyl\ b to 
the results for (a) A/10-oxalic acid and A/100-chroinic acid and 
(b) N /20-oxalic acid and Nj 1 CO-chromic acid, we obtain the 
following results: 






(b) 


* A 

= 2600 

A. 

A — 

= 2613 

Temperature. 

k (found). 

k (eale.) 

k (found). 

k (caie,) 

2 5° 

(0*00346) 

(0*00346) 

(0*000506) 

(0*000566) 

40° 

(0*00906) 

(0*00906) 

(0*00149) 

0*00272 

(0*00149) 

50° 

0*0163 

0*0163 

0-00270 

60° 

0*0280 

0*0281 

0*00472 

0*00476 

The next 

point investigated was 

the effect of 

sulphuric acid 


this reaction, and measurements were made at different tempera** 
tures with different concentrations of sulphuric acid. The follow¬ 
ing is a summary of the results obtained: 

N j 20-oxalic acid and if/100-chromic acid. 


Concentration of H s S0 4 ... 0 A/50 Nj 20 A/10 

h at 25° ..*. 0*000562 0*000796 0*00105 0*00128 

Concentration of H 2 S0 4 ... A/5 3 A/5 8 A/5 4/A 

l\ at 25° ..... 0*00153 0*00149 0*000890 0*000357 
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if/10-oxalic acid and N / iOO-chromic acid 

Concentration of H o S0 4 0 N/o 7 xVY 

/qatas 0 .~. 0*00346 0*00644 0*00140 

Hence it appears that sulphuric acid at moderate concentrations 
accelerates the reaction, and in large excess retards it. 

In order to determine the temperature coefficient of the oxidation 
of oxalic acid by chromic acid in the presence of sulphuric acid, 
measurements were made at 40° and 50°, and the following is a 
summary of the results: 


3N /20-oxalic acid, #/100-chromic acid, and iV/5-sulphuric acid. 


Temperature. 


50° 


Mean 
0*014121 
0*0665 f 


kt+iojkf 

1*86 


iV/10-oxalic acid, iV'/100-chromic acid, and iV/5-sulphuric acid. 

25° 0*00644) . o 7 

50° 0*0309 J 


N /20-oxalic acid, iV/100-chromic acid, and N /10-sulphuric acid. 


25° 

50° 


0*00128) 
0*00594 f 


1*85 


N j 20-oxalic acid, iV/100-chromic acid, and N j 5-sulphuric acid. 


OK© 

50° 


0*00153) 
0*00699 j 


1*84 


The temperature coefficient of the oxidation of oxalic acid by 
chromic acid without sulphuric acid is T85. It appears, therefore, 
that the temperature coefficient remains unaltered in the presence 
of a small amount of sulphuric acid. 

In order to determine the temperature coefficient in the presence 
of an excess of sulphuric acid, measurements were mad© at 40°. 
It has already been pointed out that in large excess, sulphuric acid 
acts as a negative catalyst in the oxidation of oxalic acid by 
chromic acid. The results are summarised as follows: 

jY/lO-oxalic acid, iV'/100-chromic acid, and 7iV / 2-sulphur ic acid. 


Temperature Mean k v 

25° 0*00140) 

40° 0*00591 J 


fct+lo/fo' 

2 * 6 ] 


Nj 20-oxalic acid and N j 100-chromic acid. 

Concentration of H 2 S0 4 0 3 N/5 8 N/5 4 N 

h, at 40° . 0*00149 0*00481 0*00318 0*00156 

Temperature coefficient 1*90 2*18 2*34 2*67 
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From the foregoing results, it appears that in the presence of 
an excess of sulphuric acid the temperature coefficient is larger 
than that obtained in its absence, and the greater the concentra¬ 
tion of the acid the greater is the value of the temperature 
coefficient. 

Effect of MaiHfduesc Salt# on the Oxidation of 0,mtlc Acid hy 
Chromic Add. 

It has been observed that manganese salts markedly accelerate 
the oxidation of oxalic acid by chromic acid. A stock solution of 
recrystallised manganese sulphate was prepared and standardised 
by precipitating the manganese as carbonate by ammonium 
carbonate. The precipitate was allowed to remain at about 80° 
for two hours, then collected, heated in a porcelain crucible, and 
weighed as Mn a 0 4 . N / 20-oxalic acid and N / 100-chromic acid 
were used in each experiment with different amounts of manganese 
sulphate, and measurements were made at 25°. 

Table VII. 

0*03926 gram of MnS0 4 in 500 c.c. 


Time in 
minutes. 

C.c. of 
thio¬ 
sulphate. 

h x (uuiraolec ular). 

K (»/<)■ 

0 

31-3 

— 

_ 

14 

28*6 

0*00279 

0*20 

43 

22-1 

0*00351 

0*21 

75 

15-95 

0*00390 

0*21 

urn 

10*75 

0*00437 

0*20 

138 

0*2 

0*00509 

0*18 


Table VIII. 

0*06544 gram of MnS0 4 in 500 c.c. 


0 

31*3 

— 

___ 

15 

20*6 

0*00470 

0*31 

30 

21*5 

0*00544 

0*32 

50 

15*25 

0*00624 

0*32 

65 

11*4 

0-00675 

0-31 

85 

6*6 

0*00795 

0*29 


Table IX. 

0*13088 gram of MnSG 4 in 500 c.c. 


0 

31*3 

_ 


11 

25*35 ’ 

0*00831 

0*54 

21 

19*42 

0*00987 

0*56 

31 

14*1 

0*01117 

0*56 

41 

9*35 

0*01280 

0*54 

52 

4*8 

0*01566 

0*51 
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Table X. 

0*19632 gram of MnS0 4 in 500 c.c. 


(J.c. of 


Time in 
minutes. 

thio¬ 

sulphate. 

(uniraoleeular). 

h (*/0- 

0 

31*3 

— 

— 

9 

24*75 

0*01132 

0*73 

17 

17*95 

0*01420 

0*78 

25 

11*9 

0*01080 

0-77 

31 

8*1 

0*01893 

0*75 

37 

4*8 

0*02208 

0-72 


Assuming that the velocity is proportional to the concentration 
of manganese sulphate, the course of the reaction may he repre¬ 
sented by the equation 

— dc^jcU — kc^c^ 1 . h, 

where and c 2 represent the concentrations of chromic acid and 
oxalic acid respectively and h represents the concentration of 
manganese sulphate. If the concentration of oxalic acid is made 
large compared with that of chromic acid, the concentration of 
the former does not sensibly alter during the course of the reac¬ 
tion, and the equation takes the form 

- dcj jdt = (kcd l )c x m h = 

where k^h . kcj 1 ; if m = 1, the reaction would be unimolecular, 
and on integrating we get &],= Ijt log c {) /c v and, as a matter of 
fact, in the absence of manganese sulphate the reaction is 
unimolecular, as previously shown. If, on the other hand, m = 0, 
the expression becomes ~dc 1 /dt~k- l or c 1 jt = k] 1 that is, if the 
velocity of the reaction were independent of the concentration of 
chromic acid, we should have c^/t — const, or »7 * = *«> where 
;r, = difference in the thiosulphate readings. 

In the foregoing Tables, the unimolecular coefficient and this 
new coefficient (xjt = const.) are both set out, and it is seen that 
the unimolecular coefficient, far from being constant, increases 
notably with the time, whilst this new coefficient is almost constant. 
Hence it appears that in the presence of manganese sulphate, the 
velocity of the oxidation is independent of the concentration of 
chromic acid. 

Homogeneous reactions in which the velocity is independent of 
the concentration of one of the reacting substances are of rare 
occurrence. One case is described by Friend (T,, 1906, 89, 1096), 
who studied the reaction between hydrogen peroxide and potassium 
persulphate and found that the velocity was independent of the 
concentration of the peroxide provided the latter was present in 
large excess. Another case has been investigated by Steele (T., 
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1907, 91, 1641), who found that in the oxidation of hypophos- 
phorous acid by iodine in the presence of hydrogen ions the 
reaction-velocity is independent of the iodine concentration. 
Such behaviour is usually attributed to complications due to the 
occurrence of consecutive reactions, and in the present case it 
appears that the reaction occurs in two stages, one very much 
faster than the other, and that the chromic acid does not take 
part in the slower or controlling reaction (compare Skrabal, 
Zeiisch . anorg. Ghem 1904, 42, 1; Jablczytf ski, ibid,, 1908, 
60, 38). 

Although from the experiments recorded above it appears that 
the velocity of the oxidation of oxalic acid by chromic acid in 
the presence of manganese sulphate is independent of the con¬ 
centration of chromic acid, yet, when the concentration of man¬ 
ganese sulphate is exceedingly small, the reaction appears to be 
unimolecular. The following Tables will indicate the results 
obtained with very small concentrations of manganese sulphate. 


iF/20-oxalic acid and Nj 100-chromic acid at 25° with 



Table 

XI. 

i 


Table 

XII. 


(a) 0-00393 

gram of 

(b) 0-00262 

gram of 


MnS0 4 in 

500 

c.c. 


MiiSG 4 in 

500 c.c. 

Time in 

C.c. of 


(uni- 

Time in 

C.c. of 

k x (uni¬ 

minutes. thio- 


moleculor). 

minutes. 

thio¬ 

molecular). 


sulphate. 



sulphate 


0 

31*3 


— 

0 

31*3 

— 

75 

27*3 


0*000790 

80 

27*2 

0*000708 

138 

24*4 


0*000783 

100 

24*2 

0*000098 

188 

22*4 


0*000773 

240 

21*5 

0*000679 

245 

20*35 


0-000703 

350 

18*35 

0*000651 


In the following experiments, the joint effect of both sulphuric 
acid and manganese sulphate was studied at 25°. 


iV/20-oxalic acid, N /100-chromic acid, and A/20-sulphiirie acid, 


Table XIII. Table XIV. 

With 0*06544 gram of With 0*01309 gram of 


MnS0 4 in 

500 c.c. 



MnS0 4 

iii 500 c.c. 


0 33*6 

— 

_ 

0 

33*6 

.._ 


10 30*2 

0*00463 

0*34 

15 

31*35 

0*00200 

0*15 

30 21*0 

0*00680 

0*42 

37 

28*2 

0*00206 

0*15 

45 14*95 

0*00781 

0*41 

72 

23*6 

0*00213 

0*14 

03 8*95 

0*00911 

0*40 

132 

17*0 

0*00224 

0*13 

85 3*0 

0*01234 

0*36 

— 

— 


— 

Hence, even 

ill the 

presence 

of sulphuric 

acid the 

reaction 


velocity is independent of the concentration of chromic acid. 

In order to determine the temperature coefficient of the oxida- 
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tion of oxalic acid by chromic acia in the presence of manganese 
sulphate, measurements were made at various temperatures. 

N1 20-Oxalic acid and Y/100-chromic acid were used in each 
experiment with different quantities of manganese sulphate. 


Table XY. 



With 0-02617 

grain 

of MnS0 4 in 500 c.c. 



At 

25°. 




At 40°. 


Time 

O.c. 



Time 

C.e. 


in 

of thio- 

( unimole- 



in 

of thio- (unimole- 


m i nutes. sulph ate. cular ) . 

K (as/*)- 

minutes. 

sulphate, cular). 

k 0 (xjt). 

0 

33*3 

— 

— 


0 

33*3 — 


20 

30*28 

0*00206 

0*15 


8 

27*27 0*0108 

0*75 

50 

25*0 

0*00249 

0*16 


18 

19*95 0*0123 

0*74 

78 

20-65 

0-00265 

0*16 


27 

14-2 0*0137 

0*71 

115 

15*35 

0-00292 

0*16 


35 

9*68 0-0153 

0*68 

144 

10*4 

0-00351 

0*16 

| 

45 

4-9 0-0184 

0-04 



Mean. 

0*16 

i 


Mean. 

0-70 



Therefore k t+l Jkt= 2* 

67. 





Table XYI. 




With 0-7050 

gram of MnS0 4 in 500 c.c. 




At- 0°. 




At 25°. 


Time 

C.c. 




Tirno 

C.e. Aq 


in 

of thio- (unimole- 



in 

of thio- (unimole- 


minutes. 

sulphate, cular). 

kJx/t). 

j minutes, sulphate, cular). 

h (*/*)• 

0 

33-3 

— 

— 


0 

33-3 — 

— 

00 

26-9 

0*00154 

0*107 

4 

27*5 0-0207 

1*45 

120 

19*3 

0*00195 

0*117 

12 

12-65 0*0350 

1*72 

175 

14*05 

0*00214 

0*110 

16 

7*8 0*0394 

1*60 

225 

10*9 

0*002 i 5 

0*100 

20 

4*8 0*0420 

1*42 

275 

8-0 

0-00225 

0*092 

j — 

— — 

— 



Mean ... 

.. 0*105 

i 

I 

Mean ... 

1*55 


Therefore k t + 10 /fa between 0° and 25° —2*93. 


As has been previously observed, in the presence of manganese 
sulphate the oxidation of oxalic acid by chromic acid is in¬ 
dependent of the concentration of the latter. Hence the reaction 
becomes of an order lower than that of the reaction in the 
absence of manganese salts. It is well known that reactions in 
which one or two molecules take part have larger temperature 
coefficients than those of reactions of higher order (compare 
Halban, Zeitsch. fhysihal. Ghem 1909, 67, 129). 

The temperature coefficient of the oxidation of oxalic acid by 
chromic acid is 1*94 between 25° and 40°, whilst in the presence 
of manganese salts it is 2*68 between 25° and 40° and 2*95 between 
0° and 25°, agreeing with other known examples. 
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Effect of Other Gnfait/sfr on the Oxidation of Onvlic Acid h // 
Chromic Acid . 

Summary of results obtained with N / 10-ox a lie acid and Nj 100- 
cliromic acid and different concentrations of molybdic acid : 
Concentration of molybdic 

acid ." ... 0 0-00(53 0-0082 0-01867 

k t at 25° . 0-00358 0-00173 0-00145 0*00080 

Temperature coefficient ... 1-02 3-99 2-0 2-05 

From the above figures it appears that the negative catalyst, 
molybdic acid, produces an increase in the value of the tempera¬ 
ture coefficient. 

Summary of results obtained with ammonium molybdate as a 
catalyst with Nj 10-oxalie acid and iY/100-chromie acid: 

Molar concentration of 

molybdate . 0 0-000408 0-000926 0*002215 

Jc t at 25° . 0*00358 0*00245 0*00180 0*0007(5(3 

Temperature coefficient ... 1*92 1*99 2*01 2-08 

Summary of results with boric acid as a catalyst with Nj 10- 
oxaiic acid and Nj 100-chromic acid: 

Concentration of 


boric acid . 0 0*01484 0*0358 0*071(3 0*216 0*482 

h x at 25° . 0*00353 0-00343 0*00317 0*00283 0*00207 0*00138 

Temperature 

coefficient . 1*92 1*95 1*99 2*0 2*11 2*24 


Both ammonium molybdate and boric acid are retarders. I he 
greater the retardation the greater is the value of the tempera¬ 
ture coefficient. 

Formic Acid and Chromic Acid, 

Formic acid can also be oxidised by chromic acid; at equal 
concentrations the velocity of the oxidation of formic acid is 
decidedly smaller than that of the oxidation of oxalic acid. Hence, 
in measuring the velocity* at 25°, fairly concentrated solutions of 
formic acid have been used. The experimental method is the 
same as in the oxalic acid oxidation; since formic acid is volatile, 
especially at the higher experimental temperatures, tightly fitting 
stoppered Jena-glass bottles were used as reaction vessels. Kahl- 
baum’s pure formic acid was used throughout the measurements. 
From a concentrated stock solution of 15 litres, suitably diluted 
solutions were prepared. In this case, also, the free chromic acid 
in the reaction mixture was estimated from time to time by the 
iodometric method, and the amounts of sodium thiosulphate 
required are recorded in the tables. From comparative experi¬ 
ments it was first established that the presence of free formic acid 
or oxalic acid did not interfere with the accuracy of the estima- 






BHAR : CATALYSIS. PART IV. 


719 


tion of chromic acid by the iodometric method; as a rule, in the 
estimation of chromic acid by this method, an excess of hydro¬ 
chloric acid was used, and the velocity of the oxidation of formic 
or oxalic acid by iodine, especially in the presence of hydrochloric 
acid, is negligible. The velocity of the reaction may be repre¬ 
sented by the equation ~dc 1 jdt=^kc{ m c. 2 n J where c t and c 2 denote 
concentrations of chromic and formic acids respectively. 

Determination of m .—In the following series of experiments, 
the formic acid used was in large excess, and hence the concen¬ 
tration may be taken as practically constant during the course of 
the reaction; the velocity equation takes the following form: 
— de x jdt = (kc^)c{ ,n — kiC\ m > where k^ — kcj 1 . Hence the order of 
the reaction is the same as m. 

The results recorded in the following Tables were all obtained 


at 25°. 

Table I. Table II. 


(5-166 

iV-forinic acid and j 

3*083 . 

ib-formic acid and 

N1 30-chromie acid. 

N1 30-chromic 

acid. 


O.c. of 

j 


C.c. of 


Time in 

thio- 


Time in 

thio- 


minutes. 

sulphate. 

& x = 1 jt log c 0 /e. 

minutes. 

sulphate. 

h- 

0 

52*1 

— 

0 

52*1 

— 

95 

26*55 

0-00308 

135 

45*15 

0-000460 

135 

19*95 

0*00309 

285 

38*5 

0*000460 

200 

12*6 

0*00308 

525 

29*65 

0-000466 

275 

7*4 

0*00308 

1416 

11*55 

0*000462 

330 

5*0 

0-00308 

1817 

7*6 

0*000460 


Mean.. 

.... 0*00308 


Mean. 

0*000462 


Table III. 


Table IV. 

2*466 

iV-formic acid and 

2*966 

Y-formic 

acid and 

Y/30-chromic acid. 

N j 30-chromic acid 

0 

56*1 

_„ 

0 

55*4 

_ 

240 

49*0 

0*000245 j 

155 

47-8 

0*000413 

475 

42*9 

0*000245 

335 

40*25 

0*000412 

1345 

26*6 

0*000241 

555 

32*8 

0-000410 

1907 

19*0 

0*000247 

1360 

15*2 

0*000413 


Mean.. 

.... 0*000245 


Mean. 

0*000412 


Table V. 


Table YL 

5*933 N -formic acid and 

2*3733 Y~formic acid and 

N /30-chromic acid. j 

N /30-chromic acid. 

0 

56*1 

— 

0 

56*1 

— 

83 

33*0 

0*00277 

247 

49*5 

0*000220 

3 30 

24*75 

0-00273 

504 

43*4 

0-000221 

170 

19*2 

0*00274 

1450 

27*0 

0*000219 

227 

13*3 

0*00275 

1990 

20*45 

0-000220 


Mean.. 

.... 0*00275 


Mean...... 

0-000220 








720 


bhab: catalysis, part iv. 


From the foregoing results it appears that the values of k { 
calculated for m — 1 exhibit such a degree of constancy that the 
equation indicating a xmimolecular reaction may fairly be 
regarded as the appropriate one. Hence, in the presence of an 
excess of formic acid, the oxidation is a unimolecular reaction. 

Determination of n .—The “isolation method” is also used in 
this oxidation. Supposing that Zq/ and Zq /; are the values of Zq 
(in the equation k x ~kc n ) obtained in two experiments, in each of 
which the initial concentration of chromic acid is the same, whilst, 
the concentrations of formic acid are different, say cJ and c./, the 
following equations are obtained: = Z*c 2 ”, k l " — ke 2 ,/n , whence 

)i = locr —— / loir —V 
& ” I '■'& £ " 

On comparing the Tables I—VI, the following results are 
obtained: 

(1) (i>) (3) (4) (5) (6) 

Concentration of 

formic acid ... 6*166 3*083 2*466 2*966 5*933 2-373 

Zq at 25° . 0*00308 0*000462 0*000245 0*000412 0*00275 0*000220 

It is evident that the value of Zq decreases rapidly as the con¬ 
centration of formic acid diminishes, which indicates a high value 
for the exponent n. The actual values of n obtained by com¬ 
bining these results are 2*7, 2*8, 2*75, 2*96, 2*8, 2*85, 2*96, 2*75, 
2*84, 2*75, 2*8, 2*75, 2*8, and 2*76. It is seen that n approaches 
closely to the value 3, and the velocity coefficient Zq varies, there¬ 
fore, as the cube of the concentration of formic acid. 

To sum up, the oxidation of formic acid also is unimolecular 
with regard to chromic acid and termolecular with respect to 
formic acid, and consequently the whole reaction is qua dri- 
molecular. The course of the change may accordingly be repre¬ 
sented by the equation 

H s Cr 2 0 7 + 3B>CO*H «Cr 2 O s + 6H s O + 3CQ 2 . 

The action of chromium oxide (Cr 2 0 3 ) on formic acid may be 
assumed to be extremely rapid and to be without effect on the 
velocity of the reaction. From the kinetic measurements it is seen 
that only one molecule of chromic, acid takes part in the reaction, 
and consequently these measurements support the view that the 
formula of chromic acid is H 2 Ct 2 0 7 and not H 2 Cr0 4 ; had it been 
H 2 Cr0 4 , two molecules of chromic acid should have taken part in 
the reaction (compare Datta and Dhar, 7. A-mer. Ghent. Soc., 1916, 
38, 1303). 

In order to study the effect of change in the concentration of 
chromic acid, further experiments were made at 25 °, the results 
of which may be summarised as follows; 
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With 3*083 if-formic acid. 

Concentration of chromic acid jY/15 X j'M) JV/60 

k x at 25°........ . 0-000461 0-000462 0-000462 

With 2*966 if-formic acid. 

Concentration of chromic acid... N /30 A 7 /60 

k- x at 25° . 0-000413 0-000412 

Hence in this reaction, if we use an excess of formic acid and 

% 

vary the concentration of chromic acid, we find that the 
unimolecular coefficient does not- change with the chromic acid 
concentration. In the presence of an excess of formic acid, there¬ 
fore, the reaction is strictly unimolecular and there are no dis¬ 
turbing factors. 

In order to determine the temperature coefficients of the reac¬ 
tion, measurements were made at different temperatures. Typical 
examples of the results obtained are recorded in detail in Tables 
VII, VIII, and IX. 

Table VII. 

2*966 W-Formic acid and A/30-chromic acid were used in each 
experiment-: 

At 40°. 


t. a- x. k x . 

0 57-1 — 

105 42-3 0-00124 

195 32-5 0-00125 

300 24-5 0-00122 Table IV gives k x at 25°«0-000412. 

425 17-25 0-00122 Therefore *, +10 /*«= 2-07, 

495 14-05 0-00123 

Mean. 0-00123 


Table VIII. 
At 50°. 


0 55*35 —- 

40 43*95 0*00256 

90 33*05 0*00248 From Tables VII and VIII we get 

152 22*85 0*00252 , 10 lh between 40° and 50°— 

214 16*35 0*00250 2*02. 

266 12*0 0*00250 

Mean. 0-00250 


Table IX. 
At 60°. 


0 57-0 — 

37 37-7 0*00485 

71 25*9 0-00482 From Tables VIII and IX we get 

105 17*95 0-00477 k t + 10 lh t between 50° and 60°=** 

153 10-7 0-00474 1-9. 

Mean..,.,, 0-0Q479 
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Applying the Arrhenius formula log kf jk x ,! = J . (T\ — T») / 2\T^ 
we get the value of A =3015. 


Temperature. A: x (obs.), 
25° (0-000412) 

40° 0-00123 

50° (0-00250) 

60° 0-00479 


A?! (calc*,). 
(0-000412) 
0-000125 
(0-00250) 
0-00476 


Iii order to study the effect of change in the concentration. of 
formic acid on the temperature coefficient, measurements were 
made with different concentrations of formic acid and N j 30- 
chromic acid, and the results obtained are summarised below: 


5-933 X’-formic j 
acid J 

Temperature 

interval 

Temperature 

coefficient 

25—40° 

2-05 

40—60° 

1-91 


3-083 X-formic j 
acid 

' Temperature 
) interval 

j Temperature 
[ coefficient 

25—35° 

2-09 

25—50° 

2-03 


2-966 X-formic 
acid 

l Temperature 
) interval 

i Temperature 
( coefficient 

25—40° 

2-07 

40—50“ 

2*02 

50—60° 

1-90 

1-186 X-formic [ 
acid 

i 

[ Temperature 
j interval 

\ Temperature 
( coefficient 


40—50° 

2-01 

50—60° 

1*90 


From the above figures it appears that change in the concentra¬ 
tion of formic acid has no appreciable effect on the temperature 
coefficient. 

Effect of Sulphuric Acid .—The effect of sulphuric acid was 
studied at various temperatures with different concentrations of 
the acid. Typical examples of the results obtained are recorded 
in Table X. 


Table X. 

3*083 X-Formic acid, X/30-chromic acid, and iV/6-sulphuric 
acid. 

At 25°. At 50°. 


U 

a—x. 

k v 

' 

i. 

a -a\ 

h v 

0 

55-9 


0 

55*9 


117*5 

40*4 

000120 

24 

40*8 

0*00570 

219 

30*8 

0-00118 

44-3 

,31-2 

0*00572 

350 

21*6 

0-00118 

60 

25*4 

0-00571 

462 

15*6 

0*00120 

90 

17*1 

0*00571 


Mean..., 

... 0-00119 


Mean.,., 

,,.0*00571 


Therefore k t + l0 lh 
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Summary of results obtained with 3'083 T-formie acid and 
A / 30-chrcmic acid : 


. Concentration of H.,S0 4 . 0 iV/6 A T /'3 2A/3 

& x at25° .. 0*000462 0*00110 0*00202 0*00603 

Temperature coefficient be¬ 
tween 25° and 50° ... 2*03 1*S7 1*86 1*84 


From the foregoing results it appears that in the presence of 
sulphuric acid the oxidation of formic acid by chromic acid is 
greatly accelerated and has a lower value for its temperature 
coefficient, and the greater the concentration of sulphuric acid the 
greater is the fall. Experiments were made with other concen¬ 
trations of formic acid, using sulphuric acid as an accelerator. A 
summary of the results obtained will be found in the following 
Tables. In each case A/30-chromic acid was used. 

Table XI. 


Concent i*a- 


Concentra¬ 
tion of 
formic acid. 

tion. of 
sulphuric 
acid. 

Mean h x 
at 25°. 

Mean k x 
at 50°. 

kt+io/kt* 

1*233 A 

0 

0*000055 

0*000330 

2*04 

1*233 A 

A/6 

0*000348 

0*00162 

1*85 

1*233 N 

A/ 3 

0*000766 

0*00356 

1*84 

1*233 A 

3A/5 

0*00161 

0*00724 

1*83 

0*616 A 

0 

0*0000092 

0*000055 

2*04 

0*616 A 

A r /6 

0*000144 

0*000673 

1*85 

0*616 A 

A/3 

0*000320 

0*00148 

1*84 

0*616 A 

2A T /3 

0*000748 

0*00340 

1*83 

Concentra¬ 
tion of 
formic acid. 

Concentra¬ 
tion of 
sulphuric 
acid. 

Table XII. 

Mean h t 
at 25°. 

Mean h x 
at 40°. 

kt+iolkt' 

1*186 A 

0 

0*0000515 

0*000154 

2*07 

1*186 A 

A/5 

3 A/5 

0*000304 

0*000802 

1*91 

1*186 A 

0*00122 

0*00317 

1*89 

1*186 A 

6A/5 

0*00373 

0-00948 

1*85 

0*693 A 

0 

0*0000084 

0*0000251 

2*07 

0*593 A 

A/3 

0*000253 

0*000662 

1*90 

0*593 A 

19A/15 

0*00112 

0*00291 

1*88 


Fronx all these results it is seen that there is a slight fall in 
the temperature coefficient with the increase in the concentration 
of sulphuric acid. 

The next point investigated was the effect of manganese sulphate 
on the oxidation of formic acid by chromic acid. From, qualita¬ 
tive experiments it was observed that manganese salt was a 
retarder in this reaction, whilst it had been previously shown that 
it is a great accelerator in the oxidation of oxalic acid by chromic 
acid. ' 
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Table XIII. 

At 50°. 

6'166 A'-Formic acid, iY/ 30-chromic acid, and (V000164 gram of 
MnS0 4 . Yolume of mixture = 150 c.c. 


t. 

a—a.*. 

&i- 

0 

51-8 


20 

28-08 

0-0133 

39 

15-8 

0-0132 

77 

4*85 

0-0133 

87 

3*6 

0*0133 


Mean.... 

... 0-0133 


k 1 at 50° without any manganese sulphate = 0*0177; hence this 
reaction is very susceptible to the retarding influence of manganese 
sulphate even in very small concentration. The following is the 
summary of results obtained with 6'166 iY-formic acid and 
N /30-chromic acid at. 50° with different concentrations of 
manganese sulphate: 

GramofMnSO* 0 0*000164 0-01636 0*0654 0-0819 0-3272 

h x at 50° . 0*0177 0-0133 0-00763 0-00675 0-00661 0*00627 

From the summary, it is seen that the greater the amount of 
manganese sulphate the greater is the retardation. 

The following is the summary of results obtained with 
3’083 jY-formic acid and N /30-chromic acid at 50°: 

Gram of MnS0 4 ... 0 0-0000164 0-000164 0*00164 

at 50° . 0-00272 0-00264 0*00225 0-00154 

Hence it is seen that the oxidation of formic acid by chromic 
acid is extremely sensitive to the retarding influence of manganese 
sulphate, so much so that 0*0000164 gram of manganese sulphate 
in 150 c.c. appreciably affects the velocity coefficients. 

In order to determine the temperature coefficient of the oxida¬ 
tion of formic acid by chromic acid in the presence of manganese 
sulphate, experiments were made at several temperatures. 
Typical results are given in the following Table. 


Table XIY. 

3*083 iY-Formic acid, N/ 30-chromic acid, and 0*02617 gram of 
MnS0 4 . Volume of mixture = 150 c.c. 


L 

0 

At 25°. 
a—x . 

44*0 

K 

t. 

At 35°. 

a—x. 


385 

37-15 

0-000190 

0 

54*75 

1366 

24-3 

0-000189 

190 

45*9 

0-000403 

1610 

21-88 

0-000188 

380 

38-7 

0-000396 

1815 

19-95 

0*000189 

1395 

15*2 

0-000398 

2870 

12*50 

0-000189 

1675 

11*8 

0-000397 


Mean. 

. 0*000189 


Mean...., 

.. 0*000398 
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Therefore k t j : .\(\/k t — 2‘10; the temperature coefficient without 
any manganese salt is 2*09. Hence in the presence of manganese 
sulphate the temperature coefficient remains unaltered. The 
following is a summary of the results obtained with 6*166 if-formic 
acid and i\ T /30-chromic acid with different concentrations of 
manganese sulphate: 


(tram of MnS0 4 . 0 0-0654 0-0810 0-3272 

A*, at 25°.. 0-00308 0-00115 0-00112 0*00106 

Temperature coefficient 

between 25° and 50° 2-03 2-03 2-03 2-03 


The following Table summarises the results obtained with 
2*966 iY-formic acid and N /30-chromic acid with greater concen¬ 
trations of manganese sulphate. 


Table XY. 


Grams of 

Mean 

Mean 


MnSO*. 

at 25 c . 

at 50°. 

kf+iojkt' 

0 

0*000413 

0*00250 

2-05 

1-1750 

0-000141 

0-000841 

2-04 

1-7625 

0*000122 

0-000734 

2*05 

2-3500 

0*000136 

0-000809 

2*04 

3-5250 

0-000138 

0*000810 

2-03 

5-8750 

0*000142 

0*000860 

2*05 

11-7500 

0*000172 

0-000970 

2*0 


It appears from the foregoing results that the temperature 
coefficient in the presence of the negative catalyst, manganese 
sulphate, does not change. Also it is seen that if the concen¬ 
tration of manganese sulphate is increased, the velocity coefficient 
falls off to a certain limiting value and then increases with the 
increase in the concentration of the catalyst. 

The joint effect of sulphuric acid and manganese sulphate on 
the oxidation of formic acid by chromic acid was also investigated 
at 50°. 


Table XYI. 


1*233 iV-Formic acid and N/30-chromic acid. Yolume of 
mixture = 150 c.c. 


(a) With 0-01309 gram of MnSO*. 


t. 

a-x. 


0 

55*6 

406 

46*9 

0*000182 

1445 

30*5 

0*000180 

1920 

25*1 

0*000180 

3025 

15*85 

0*000180 

4325 

9*1 

0*000182 


Mean.. 

0*000181 


(b) With 0-01309 gram of MnSOj 
and N /3-sulphur!c acid. 


t. 

a-x. 

K 

0 

55*6 


41 

47*35 

0*00170 

121 

34*65 

0*00170 

265 

20*0 

0*00168 

331 

15*25 

0*00168 

413 

11*2 

0*00169 


Mean,......,. 0*00169 
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k ] without any sulphate = 0*000330, whilst Zq with Y/o-sulphuric 
add but no manganese sulphate = 0*00356. Consequently even 
in the presence of the accelerator, sulphuric acid, manganese 
sulphate has a retarding effect. 

Next, the effect of manganese chloride was studied. The salt 
was purified by crystallisation from water. The following is a 
summary of the results obtained with manganese chloride as a 
catalyst and 3*083 N-formic acid and iY/30-chromic acid: 


Concentration of MnCL, 0 0-0018 0-0090 0-0179 0*0359 

at 25°...0-000402 0-000205 0*000190 0-000179 0-000109 

Temperature coefficient 

between 25 c and 40°... 2-06 2-10 2*11 2*12 2-14 

Concentration of MnCL, 0-0718 0-1795 0-359 0*718 

k x at 25°.h 0*000104 0-000180 0-000207 0-000300 

Temperature coefficient 

between 25° and 40°... 2-14 2-10 2-15 2*14 


Hence manganese chloride, like manganese sulphate, even in 
dilute solutions, produces a marked retarding effect on this reac¬ 
tion. If the concentration of the manganese salt is increased, the 
velocity coefficient falls off to a minimum and then increases with 
the increase in the concentration of the catalyst. This peculiar 
behaviour of the catalyst in fairly dilute solutions (for example, 
the maximum concentration used is 0*718 N) is seldom encountered 
(compare Tubandt, Annalen , 1905, 339, 41; 1907, 354, 259; 
1910, 377, 284). 

Moreover, it will be seen from the foregoing summary that the 
temperature coefficient in the presence of the negative catalyst is 
appreciably higher than that obtained without any manganese 
chloride. 

It is known that molybdic acid is a powerful catalyst in some 
oxidations, and its effect on this reaction was studied, A/30-chromic 
acid being used in each experiment. 


Molar eon- 
Coneentra- centration 
tion of of molybdic Moan Jc t Mean Aq 
formic acid. acid. at 25°. at 40°. 

2-960JV 0 0-000412 0-00123 

„ 0*005 0*000416 0*00125 


kt+\dkf 

2*07 

2*08 


Hence molybdic acid acts as a weak positive catalyst on the 
oxidation of formic acid by chromic acid, whilst it has been shown 
previously that in the oxalic acid oxidation it is a negative 
catalyst. 

Sodium Formate and Iodine . 


Formates are easily oxidised by iodine at the ordinary tempera¬ 
ture, and this reaction has a conveniently measurable velocity. 
The course of the reaction is represented by the equation: 
H*CO,Na + I a =NaI + HI + CO,. 
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The hydrogen ions formed as a product of the change greatly 
retard the reaction, and in order to avoid their formation an 
excess of a salt of a weak acid (for example, sodium acetate) was 
always used; in this way the course of the reaction became 
regular. _ 

Ordinary pure iodine was mixed with a little potassium iodide 
and was allowed to sublime very slowly. This product was again 
sublimed. Schuchardtfs pure sodium formate was recrystallised 
from water. A standard solution was prepared by evaporating a 
measured volume of the solution in a platinum crucible, heating 
the residue with sulphuric acid, and weighing the sodium sulphate 
formed. The potassium iodide used was twice crystallised from 
water and dissolved in water free from oxygen. The solution of 
the iodide was standardised by weighing the silver iodide obtained 
from a known volume of the solution. 

In order to avoid loss of iodine by volatilisation, tightly fitting 
stoppered Jena-glass bottles were used as reaction vessels. From 
time to time measured volumes were withdrawn from the reaction 
vessel, which was placed in a thermostat at a constant tempera¬ 
ture, and were allowed to run into ice-cold distilled water to stop 
the reaction, and the free iodine was immediately titrated by 
standard thiosulphate. The velocity of the reaction may be repre¬ 
sented by the equation — dc^dt ~ ke^cj 1 , where c x and are the 
concentrations of iodine and formate respectively. Since iodine 
dissolves very sparingly in water, in order to prepare a moderately 
concentrated solution potassium iodide must be used. It is well 
known that in a potassium iodide solution of iodine there is the 
following equilibrium, KI 3 — ELI + I 2 , and,the greater part of the 
dissolved iodine exists as KI 3 . Hence, even if a large excess of 
sodium formate in comparison with the total iodine is not used, 
owing to the presence of potassium iodide, the concentration of 
free iodine is much diminished, and the concentration of formate 
is actually large in comparison with that of free iodine. Con¬ 
sequently the velocity equation takes the following form: 
— dc^jdt = (kc 2 n ) c{ n ~ where Zq = IccJK The order of the 

reaction is therefore the same as m. 

In the three following Tables 1*27 grams of iodine and 5*4132 
grams of potassium iodide were used with different concentrations 
of sodium formate, and the measurements were made at 25°; the 
total volume of the mixture was 150 c.c. 


VOL. OXL 


G G 
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Table I. 

3’4004 drams of sodium formate. ! 

Time in C.c. of 7^ = l/dogc 0 /c. 

minutes. thio¬ 

sulphate. 

0 76-0 — 

24 68*0 0*00201 

60 57*6 0-00201 

01 49*65 0-00203 

141 41*0 0-00190 

174 36*1 0*00186 


Mean....,. 0*00196 


Table II. 


1*7002 Grams of sodium formate. 


Time in 

C.c. of 

h— f/dogCo 1 

minutes. 

thio¬ 

sulphate. 

0 

79*0 

—.. 

45 

71*1 

0*00101 

115 

60*6 

0*00100 

188 

51*95 

0*00097 

279 

43*5 

0*00093 

360 

37-4 

0*00090 

509 

28*7 

0*00086 


Mean... 

0*000945 


Table III. 


O'6801 Gram of sodium formate. 


0 

79*0 

— 

100 

72*3 

0*000385 

250 

63*3 

0-000384 

480 

51*9 

0-0003S6 

1440 

23*15 

0*000370 


Mean. 

0-000380 


In all these measurements 4'22 grams of sodium acetate were 
used in each experiment. In the Tables IV, V, VI, and VII 
0*635 gram of iodine and 2*7006 grams of potassium iodide were 
used in each observation at 25° with different concentrations of 
sodium formate, and the total volume was always 150 c.c. 


Table IV. 

6*8008 Grains of sodium formate. 


0 

39*5 

—. 

10 

32-7 

0-00821 

25 

24-75 

0-00812 

52 

15*85 

0-00762 

78 

10*65 

0-00729 


Mean.. 

0-00781 


Table VIC 


1*7002 Grams of sodium formate, 

0 

39*5 

_ 

50 

31-5 

0*00196 

100 

25*3 

0-00193 

140 

21*5 

0-00188 

201 

17-15 

0*00180 

285 

12*6 

0*00174* 


Mean... 

0-00186 


Table V. 

3*4004 Grams of sodium formate. 


0 

39*5 


30 

29*7 

0*00412 

71 

21-2 

0-00380 

100 

16-2 

0*00305 

130 

13*6 

0-00356 


Mean...,. 

0*00378 


Table VII. 


*6801 

Gram of sodium formate. 

0 

39*5 

_ 

100 

32*93 

0*000790 

200 

27*7 

0-000770 

390 

20*0 

0-000758 

520 

16*1 

0-000750 




0*000767 


Mean. 
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From til© foregoing Tables it is seen that, in spite of a slight 
tendency to fall of, the values of k x calculated for m — 1 exhibit 
such a degree of constancy that the equation indicating a 
unimolecular reaction may fairly be regarded as the appropriate 
0118 . 

Determination of n .—Supposing that k / and k x !f are the values 
of k t (in the equation k x = kc n ) obtained in two experiments, in 
each of which the initial concentration of iodine is the same, 
whilst the concentrations of sodium formate are different, say c 2 ; 
and c*. 2 /; , the following equations are obtained; k 1 f = k(\> hi ; 

~ kc 2 //n , whence ?i = !og /logSt. On comparing the fore™ 
going Tables, the following summary of results is obtained: 


A. 


f 1-27 grams of 

1*7002 

0-6801 

J iodine and 5-4132 
1 grams of potass- 

0-000945 

0-0003S0 

Uiirn iodide. 

B. 


/ 0-635 gram of 

4 1*7002 

0-6801 

| iodine and 2*7066 


Grams of formate. 3-4004 
Ic x at 25° ............ 0-00100 


Grams of formate 0-8008 

1 grams of potass- 

k x at 25° . 0-00781 0*00378 0*00180 0*000767 t ium iodide. 


The actual values of n obtained in A are 1*05, 1*02, and 0*99, 
and from B the values are T04, 1*03, 1*01, 1*02, 0*99, and 0*97. 
It is seen that n approaches closely to the value 1, and the velocity 
coefficient Zq varies, therefore, directly as the concentration of 
sodium formate. 

To* sum up, the oxidation of sodium formate by iodine is 
unimolecular with respect to both iodine and sodium formate, and 
consequently the reaction is bimolecular; this behaviour Is 
expected from the chemical equation representing the change 
H’COoNa +1 2 = HI + Nal + C0 2 . 

From the foregoing summary of results, it will be seen that 
iodine ions retard the reaction, and the slight lowering of the 
velocity coefficients as the reaction proceeds is due to the con¬ 
tinued increase In the concentration of iodine ions, which are 
products of the reaction. 

On© peculiar point will be noticed, namely, that if there Is a 
definite concentration of potassium iodide, the velocity coefficient 
does not depend on the concentration of iodine, but' if w© start 
with a definite concentration of iodine and increase 1 the concentra¬ 
tion of potassium iodide, the velocity coefficient falls- off. This 
effect cannot b© explained from the mass action equilibrium 

gg2 




730 


dhab: catalysis, part iv. 


KI + I 2 ^ KI 3 . In Table I we have 1*27 grains of iodine and 
5'4132 grams of potassium iodide and h { at 25°-■ 0*00196; and in 
Table V we have 0*635 gram of iodine and 2'7066 grains of 
potassium iodide and h x at 25° = 0*00378. The concentrations of 
sodium formate in these two cases are equal, and according to the 
mass action equilibrium the velocity coefficient should be the same, 
since the ratio of the concentrations of potassium iodide and iodine 
is the same in the two cases. This point has been thoroughly 
studied in the oxidation of sodium formate by mercuric chloride 
in the presence of several chlorides. 

In order to determine the temperature coefficient of the oxida¬ 
tion of sodium formate by iodine, measurements were made at 
different temperatures. Typical examples of the results obtained 
are recorded in the following Tables. 


Table YIII. 

3*4004 Grams of sodium formate, T27 grams of iodine, and 
5*4132 grams of potassium iodide. Volume = 150 c.c. 


At 50°. 


t. 

a~x. 

*r 

0 

98*7 


4 

57-3 

0*0590 

S 

33*4 

0*0588 

12 ' 

19*5 

0*0586 

1G 

11*4 

0*0585 


Mean. 0*0587 


- Table I gives at 25°«0*00196; therefore h+xJh between 25° and 
50° = 3* 89. 


Table IX. 

0*6801 Gram of sodium formate, 1*27 grams of iodine, and 
5*4132 grains of potassium iodide. Volume = 150 c.c. 


At 50°. 


t. 

a —oi. 

K 

0 

98*7 


5 

86*35 

0*0116 

10 

75*'7 

0*0115 

18 

62*05 

0*0112 

25 

51*8 

0*0112 

35 

40*7 

0*0110 


Mean. 

0*0113 


Table III gives Jfc, at 25° = 0*000390; therefore k t , t Jk t between 
50 ®= 3 * 88 . 


25° and 
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Table X. 

6*8008 Grams of sodium formate, 0*635 gram of iodine, and 
2*7066 grams of potassium iodide. Volume = 150 c.c. 



At 35°. 


t. 

a — %. 

h- 

0 

39*5 


4 

29*3 

0*0325 

10 

19-0 

0*0318 

15 

13*55 

0*0310 

20 

10*05 

0*0298 


Mean. 

0*0313 


Table IV gives k x at 25° = 0*00781; therefore & 35 /&> g = 4*01. 

From the foregoing results, it is seen that tlie temperature 
coefficient of the oxidation of sodium formate by iodine is 4*01 
between 25° and 35° and 3*89 between 25° and 50°. 

It Has already been observed that potassium iodide, or rather 
iodine ions, act as a negative catalyst in this reaction. In order 
to determine if there is any change in the temperature coefficient 
when the reaction is greatly retarded by potassium iodide, measure¬ 
ments were made at different temperatures with various concen¬ 
trations of potassium iodide. The results obtained are as follows; 


7Grams of potass- 

1*7002 grams of sodium ium iodide 

formate and 0*3354 - Jc 1 at 25° . 

gram of iodine. Temperature 

I coefficient . 


1* 7002 grams of sodium I 
format© and 0*3354 - 
gram of iodine. 


"Grams of potass¬ 
ium iodide 

k x at 25° . 

Temperature 
coefficient ...... 


3*6952 

0*00297 


4*01 


15-3843 

0*000320 

4*11 


2*1708 9*9086 

0*000647 0*000470 

4*19 4-13 

31*8110 

0*000X73 

4*02 


Hence, even in strongly catalysed reactions, the temperature 
coefficients are practically the same as those in the feebly catalysed 
ones. 

A few more experiments were made with different concentra¬ 
tions of iodine and potassium iodide, and the experimental results 
are summarised in the following Tables. 


Table XI. 

1*7002 Grams of sodium formate, 0*1677 gram of iodine. 
Volume = 150 c.c. 


Potassium 

iodide. 

Grams. 

Mean k x 
at 25°. 

Mean k x 
at 35°. 

? c t+wife t 

0-8476 

0*00556 

0*0229 

4*10 

9*0610 

0-000520 

0-00211 

4-06 

29-8732 

0*000205 

0*000833 

4*06 

78*2492 

0-000112 

0*000413 

3-69 







732 


DEAR: CATALYSIS. PART XV. 


Table XII. 

0‘6S01 Gram of sodium formate, 0*1677 gram of iodine. 
Volume = 150 c.c. 


Potassium 




iodide. 

Mean h x 

Mean l\ 


Grams. 

at 25°. 

at 50°. 

igA‘. 

0*8476 

0*00212 

0*0654 

3*95 

20*1980 

0*000111 

0*00342 

3*93 

29*8732 

0*0000804 

0*00242 

3*90 

49*2236 

0*0000573 

0*00152 

3*71 


In the results last, recorded in this, as well as in the foregoing 
Table, the concentration of potassium iodide was very great; com¬ 
plexities due to changes of viscosity might have arisen and have 
caused the temperature coefficients to be lower than the other 
values in the same series. In this case, we fmd that the tempera¬ 
ture coefficient of the reaction does not change in the presence of 
potassium iodide. 

The effect of manganese sulphate was also studied, and the 
following is a summary of the results obtained: 

Grams of manganese sulphate. 0 0*0524 0*1048 1*8882 

Value of h l at’ 25° . 0*00751 0*00749 0*00735 0*00634 

Grams of manganese sulphate G*294 12*588 18*882 37*764 

Vfiluo of \ at 25° . 0*00478 0*00370 0*00280 0*00151 

Evidently the velocity coefficient falls off as the concentration 
of manganese salt is increased. 


Sodium. Formate and Mercuric Chloride, 

It is well known that formic acid and formates can be oxidised 
by mercuric chloride. The mechanism of the reduction of 
mercuric chloride by formic acid and formates has been investi¬ 
gated by Fortes and Ruyssen (Gonvpi. rend., 1876, 82, 1504), 
Scala ( Gazsetta , 1890, 20, 393), Lieben (.Monatsh ,, 1893, 14, 750), 
etc. 

Recently Findlay and Davies (T., 1913, 103, 1554) and Linhart 
(/. Amer. Chem . Soc*, 1915, 87, 70) have also studied the problem, 
i From the ordinary method of chemical dynamics they have found 
that the velocity coefficients follow the bimolecular law. 

In order to determine the temperature coefficient and the effect 
of catalysts on this reaction the following experiments were made. 

Since ordinary sodium formate contains a little sodium 
carbonate, a solution of the salt was carefully neutralised with 
pure formic acid, evaporated and crystallised. As a rule, the salt 
was twice crystallised from water and dried centrifugally. A solu- 





dhar: catalysiso fart iv. 


733 


tion was prepared and was standardised by estimating the formic 
acid with potassium permanganate, and this estimation was 
checked by evaporating a measured volume of ihe solution in a 
platinum crucible, heating the residue with sulphuric acid, and 
weighing the sodium sulphate formed. The other salts used were 
generally recrystallised twice. From time to time measured 
volumes were withdrawn by means of a pipette fitted with a plug 
of cotton wool, to keep back mercurous chloride, and run into a 
known volume of potassium iodide; the excess of potassium iodide 
was then titrated against standard mercuric chloride. It was seen 
from preliminary work that this method of estimation was quite 
accurate. 

The equation representing the chemical change is the following: 
2HgCl 2 + H-C0 2 Na = 2HgCl + Nad + HOI. 

The hydrogen ions formed in the reaction greatly retard the 
change. In order to avoid this, difficulty, 2*11 grams of sodium 
acetate were added to the reacting mixtures. 

The velocity of the reaction may be represented by an equa¬ 
tion of the form —dcj/dt — kc^cJ 1 , where c 1 and c 2 represent 
concentrations of mercuric chloride and formate respectively. 

Determination of m .—In the following series of experiments, the 
sodium formate used was in large excess, and hence the concen¬ 
tration may be taken as practically constant during the course of 
the reaction. Hence the velocity equation takes the following 
form: —dc^jdt = (Z;c 2 u )c 1 m ~Aqc/h where k % = hc^. The order of 
the reaction is therefore the same as m. 


Table I. 

18*8426 Grams of sodium formate, J//35-mercuric chloride. 
Volume = 150 c.c. (where M~ molar). 



At 25°. 

kj, (uni- 

t. 

a—x. 

molecular). 

0 

16*65 

— 

48 

12*7 

0*00245 

75 

in 

0-00235 

111 

9-5 

0-00220 

160 

7*8 

0-00207 


Mean,,.*,..,. 

0-00227 
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Table II. 

14‘0382 Grams of sodium formate, If/15-mer curie chloride. 
Volume = 150 c.c. 

At 25°. 


t. 

a—x. 

h- 

0 

16*65 


70 

12*5 

0-0017S 

125 

10*2 

0-00170 

16S 

8-8 

0-00165 

216 

7*5 

0-00160 


Mean. 

0-00168 


Table III. 


At 40°. 


t. 

a—x. 

K 

'0 

16-65 


8*5 

12-4 

0-0150 

14*0 

10*6 

0-0140 

20-0 

9*15 

0-0130 

25-0 

8*1 

0-0125 


Mean. 

[0*0136 


Table IV. 

9T713 Grains of sodium formate, Mj 15-iuercurie chloride. 


Volume = 150 c.c. 

. At 25°. 


if. 

a—x. 

i h . 

0 

16*65 


105 

12*45 

0*00120 

165 

10*75 

0*00115 

250 

8*95 

0*00108 

310 

7*85 

0*00105 


Mean. 

0-00112 



Table T. 



At 40°. 


t. 

a—x. 

/bj. 

0 

16*65 

„_ 

12*0 

12*75 

0*00965 

22*0 

10*5 

0*00910 

31*3 

8*85 

0*00877 

37-5 

7*9 

0*00864 


Mean, 


0*00904 
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Table VI. 

7*0181 Grams of sodium formate, Mj 15-mercuric chloride. 
Volume = 150 c.c. 


At 25°. 


t. 

a~x. 

Zq. 

0 

13*34 

— 

61 

11*8 

0*00087 

150 

9*9 

0*00086 

255 

8*15 

0*00084 

550 

4-9 

0*00079 


Mean. 

0*00084 


Table VII. 
At 40°. 


t. 

a—x. 

Zq. 

0 

13*34 


14 

10*5 

0*00743 

28 

8*6 

0*00681 

35 

7*8 

0*00666 

56 

6*0 

0*00620 


Moan. 

0*00677 


From the foregoing Tables it will be seen that, in spite of a 
slight tendency to fall off, the values of k calculated for m — i 
exhibit such a degree of constancy that the equation indicating a 
unimolecular reaction may fairly be regarded as the appropriate 
one. 

Determination of n .—Supposing that Zq 7 and Zq 77 are the values 
of Zq (in the equation k x ~kc 11 ) obtained in two experiments, in 
each of which the initial concentration of mercuric chloride is the 
same, whilst the concentrations of sodium formate are different, 
say, c% and c 2 77 , the following equations are obtained: Zq 7 = kcj n , 

Jc^=kc 2 f!n , whence n = log y-H log-It. 

*1 C 2 

On comparing the results recorded in the foregoing tables, the 
following summary is obtained : — 

(1). (2). (3). (4). 

Grams of formate... 18*3426 14*0362 9*1713 7*0181 

Zq at 25°. .... 0*00227 0*00168 0*00112 0-00084 

By combining these results, the actual values of n obtained are 
T12, 1*02, 1*03, 0*95, 1*0, and 1*08. It is seen that n approaches 
very closely to the value 1. Hence the oxidation of sodium 
formate by mercuric chloride is unimolecular with respect to, both 
the reacting substances, and consequently the whole reaction is 

VOL, OXI. G G* , ' 
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bimolecular. Tlie equation representing the chemical change 
shows it to he termolecular, and this makes it probable that the 
reaction takes place in stages. 

In order to study the effect of change in the concentration of 
mercuric chloride, further experiments were made at 25°, the 
results of which are summarised as follows: 


With 7*0181 grams of sodium 
formate. 

Concentration 


of Hq-CL . ill/15 M/ 30 

at 25°.. 0*00084 0*00087 


With 9-1713 grams of sodium 
formate. 
Concentration 

of HgCl 2 . M/15 M/SO 

k x at 25°. 0-00112 0-00116 


Hence the velocity coefficients increase very slightly with the 
decrease in the concentration of mercuric chloride. 

Temperature Coefficient of the Reaction .—From Tables II and 
III w© get kj at 25° = G*0016S ana Zq at 40° = 0*0136. Hence, 
applying van’t Hoff’s equation, we obtain h+io/h =4*03. 
Similarly, from Tables IV and Y and from YX and YII the 
temperature coefficient obtained is 4*02. It is rather striking that 
the temperature coefficient of the oxidation of sodium formate by 
iodine has practically the same value, namely, 4*01. 

In order to determine the temperature coefficient between 40° 
and 50°, the following measurements were made: 


iS 

Table VIII. 

3*3805 Grams of sodium formate and M /30-mercuric chloride. 
Volume =150 c.c. 



At 40°. 




At 50°. 


t. 

a-x. 

h- ! 


t. 

a - x. 

k r 

0 

8*32 



0 

8-32 


42 

6-3 

0-00288 


10 

6-55 

0-0104 

90 

4-7 

0-00276 


25 

4-65 

0*0101 

139 

3-5 

0-00270 


39 

3*45 

0*0098 


Mean......... 

0-000278 


Mean......... 

0-0101 



Therefore Zsg qp/& 4 q© : 

= 3*63. 




Applying the Arrhenius formula, we get A =5635 from measure¬ 
ments at 25° and 40°, using this value of A for the measure¬ 
ments at 40° and 50° we get h^fk^ =3*61, practically the same 
result as found experimentally. 

The effect of manganese sulphate on the oxidation of sodium 
formate by mercuric chloride was studied, and the results obtained 
are summarised below: 
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Table IX. 


9*1713 Grams of 
Volume = 150 c.c. 

sodium for in ate 

and Mjlb-i 

a ere uric 

Manganese 

sulphate. 

Mean fc ± 

Mean k t 


Grams. 

at 25°. 

at 40°. 

&V!-Io/'C 

0 

0*00112 

0*00903 

4*02 

0-0262 

0*00111 

0*00897 

4*03 

0*0524 

0*00110 

0*00889 

4*03 

1*5735 

0*00098 

0*00792 

4*03 

3*147 

0*00089 

0*00718 

4*02 

4*7205 

0-G00S5 

0*00682 

4-01 

6*294 

0*00081 

0*00643 

4*0 

' 9*441 

0*00070 

0*00560 

4*0 


Tims it appears that the greater the concentration of manganese 
sulphate the greater is the retardation, and the temperature co¬ 
efficient in the presence of the negative catalyst is practically 
unchanged. 

From the foregoing Tables it will be seen that, even in the 
presence of sodium acetate, the velocity coefficient falls off as the 
reaction proceeds. It was suspected that it might be due to the 
increase in the concentration of chloride ions. Linhart (loc. cit.) 
observed that sodium chloride retards the reaction. In order to 
establish this further, measurements -were carried out in the pre¬ 
sence of chlorides of several metals. Two series of measurements 
with zinc chloride at 25° are recorded in full in the following 
Tables, and these show clearly that in presence of an excess of 
chloride the unimoleeular velocity coefficient remains more con¬ 
stant than that obtained when no chloride is present. 

9*1713 grams of sodium formate and J//15-mercuric chloride 
were used in each case, and the volume of the mixture was 150 c.c.: 

Table X. 


With X*G96iV-zinc chloride. 

With 0* 

73iV-zinc chloride. 

t. 

a- x. 

k v 

t. 

a - a?. 

h- 

0 

16*6 5 


0 

16*65 


1465 

13*1 

0-000071 

800 

13*1 

0*000121 

2820 

10*55 

0*000070 

1340 

11*5 

0*000120 

3900 

8*8 

0*000070 

2345 

8*65 

0*000121 

4945 

7*5 

0*000070 

3835 

5*8 

0*000119 


Mean..... 

0*000070 

Mean. 

0*000120 


Further experiments were made with zinc chloride as catalyst 
at 25° and 40° and the results obtained are summarised below: 

Concentration of ZnCL 0 0*364 0*730 1*096 

at 25°...0*00X12 ,0*000276 0*000120 0 000070 

Temperature coefficient. 4*02 4*16 .4*32 4*46 

a a* 2 
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It appears from the foregoing summary that zinc chloride produces 
a marked retardation in the- reaction, and the greater the con¬ 
centration of zinc chloride the greater is the retardation and the 
greater the value of the temperature coefficient. 

The effects of calcium, strontium, and sodium chlorides wejh 
investigated. Instead of detailed results, the following summary 
is given ; 


Table XI. 

9*1713 Grams of sodium formate and M /15-mercurie chloride. 
Yolume = 150 c.c.: 


Concentration 
of chloride. 

Mean k L 
at 25°. 

Mean k j 
at 40°. 

IV+loM'*' 

0 

0-00112 

0*00904 

4-02 

0-4016 N-CaCl, 

0-000292 

0-00246 

4*13 

0-8032 

0*000142 

0-00123 

4*22 

1-205 

0-000080 

0-000732 

4-38 

1-6066 „ • 

0*000058 

0-000552 

4*49 

3-2134 

0-74 iY-SrCL 

0-000020 

0-000195 

4*58 

0-000164 

0-00141 

4-20 

1-48 

0-000076 

0-000698 

4-39 

0-4914 N-NaCl 

0*000296 

0-00246 

4-09 

0-7234 

0*000230 

0-00194 

4*15 

0-9826 

0*000163 

0-00138 

4*16 

1*085 

0*000154 

0-00133 

4-21 

1-4466 

0*000114 

0-00104 

4*36 


Summary of results obtained with manganese chloride: 

Concentration of MnCL 0 0-1722 0-4300 0-801, 1-722G 

k l at 25°.r 0-00112 0-000486 0-000207 0-00008 0*000025 

Temperature coefficient. 4-02 4*06 4-20 4-42 - 4-54 


All these chlorides produce a marked retarding effect; with 
equivalent concentrations the maximum effect is observed with 
zinc and manganese chlorides; both zinc and manganese ions have 
been found to act as retarders in the oxidation of sodium formate 
by mercuric chloride. The temperature coefficient is always greater 
the greater the retardation. 

The effect of the change in the concentration of mercuric chloride 
was also investigated. Calcium, strontium, and sodium chlorides 
were used as retarders, and the concentrations of mercuric chloride 
were varied from Mj 7*5 to Mj 50. From the experimental results 
it was seen that with a given concentration of the chloride the 
velocity coefficient was independent of the concentration of mer¬ 
curic chloride. If, however, the effect of the chloride be simply 
to form a complex with mercuric chloride HgCl 2 + RC1 —> RHgCl 3 
(compare Le Blanc and Noyes, loc. cit .), the velocity coefficient 
would naturally depend on the concentrations of mercuric chloride. 
It was also seen that the greater the concentration of the catalyst, 
the greater the retardation and the greater the value of the tern- 
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perature coefficient. The retarding effect of chlorides on this 
reaction is provisionally considered to be catalytic. 

It has already been said that hydrogen ions retard the oxida¬ 
tion of sodium formate by mercuric chloride; hence it seems prob¬ 
able that only formate ions are active in effecting the reduction. 
In order to confirm this point, a few measurements were made with 
pure formic acid. The experimental procedure is exactly the 
same as with formates; the presence of free formic acid does not 
interfere with the estimation of mercuric chloride by potassium 
iodide. 

Table I. 

O'678 if-formic acid and M /30-mercuric chloride. 


t (time in 

At 25°. 

Jvj (uni- 

minutes). 

a—x. 

molecular). 

0 

8*3 

— 

4500 

7*25 

0*0000131 

12540 

6*2 

O-0000101 

20890 

5*65 

0*0000080 


Mean. 

0*0000104 

t. 

Table II. 

At 40°. 

a — x. 

h- 

0 

8-3 

— 

670 

7-0 

0-000110 

1500 

6*25 

0-000082 

2980 

5*5 

0*000060 


Mean. 

0*0000840 

Therefore &v+i 0 /7^ = 

4*02. 


The unimolecular velocity coefficient falls off owing to the 
accumulation of hydrogen chloride, which suppresses the ionisation 
of formic acid and at the same time forms complexes with mercuric 
chloride. 

In order to obtain comparable results, readings were taken for 
times of almost equal changes in different experiments (compare 
Le Blanc and Noyes, Zeitsch. physikal. Chem 1890, 6, 389). The 
chemical equation for the change is: 

2HgCl 2 + H*C0 2 H - 2HC1 + C0 2 + 2HgCl. 

The following is a summary of the results with formic acid and 
mercuric chloride: 

Concentration of formic acid... .0-678 1-356 2-032 4*064 


h t at 25° ..... 0*0000104 0*0000155 0-0000167 0*0000199 

Temperature coefficient......... 4*02 4*02 3-99 4*01 . 
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It will be seen that the velocity of the reduction of mercuric 
chloride by formic acid is much smaller than the velocity of 
reduction by sodium formate of the same concentration. Moreover, 
the velocity coefficient dees not increase proportionally with the 
increase in the concentration of formic acid. The electrical con¬ 
ductivity and freezing-point measurements of Novak ( 'Phil. Mag 
1897. [v], 46, 9) show that, by doubling the concentration of formic 
acid, a small increment of formate ions is produced in the solu¬ 
tions, and this is corroborated by kinetic measurements, which 
show that by doubling the concentration of formic acid we get 
only a small increment in the value of the velocity coefficient-, and 
kinetic measurements also prove that only formate ions are active 
in the reduction; the undissociated formic acid is inactive so far 
as the reduction of mercuric chloride is concerned. Moreover, the 
temperature coefficient of this reaction is 4*02, which is exactly 
the same, as that obtained in the reduction by formates; this shows 
that the processes of reduction of mercuric chloride by sodium 
formate and formic acid are similar in nature. On the other hand, 
it has been proved before that the oxidation of formic acict by 
chromic acid is a quadrimolecular reaction, that only undissociated 
formic acid is active in this reaction, and that the temperature 
coefficient has the value 2'07. Evidently, even with the same 
reducing agent, the nature of the chemical change is totally 
different with different oxidising agents. 


Silver Nitrate and Sodium Formate . 


It is well known that silver for very accurate work is usually 
prepared by the reduction of silver nitrate by formates, and this 
reaction is largely utilised in analytical chemistry. It seemed 
desirable to investigate the* kinetics of the reaction. When silver 
nitrate is added to a moderately concentrated solution of sodium 
formate at about 25°, there is produced at first a very slight 
opalescence due to the formation of silver formate; then after a 
few seconds the silver formate begins to decompose with the separa¬ 
tion of a black voluminous mass of metallic silver. Then, in con¬ 
sequence of the presence of electrolytes, the volume of the reduced 
silver becomes less and less, and finally a small quantity of more 
compact grey metallic silver is obtained. 

The reduction, slow as it is, at 25° is quite measurable, even at 
that temperature. 

Standard solutions of purified silver nitrate and sodium formate 
were prepared. The experimental procedure is similar .to that in 
the oxidation of formates by mercuric chloride. After given in¬ 
tervals of time, measured volumes of the mixture were removed 
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by means of a pipette fitted with a small filtering plug and run 
into an excess of a standard solution of sodium chloride. The 
excess of chloride was then titrated by means of a standard silver 
nitrate solution, using potassium chromate or potassium arsenate 
as an indicator. In order to diminish the concentration of 
hydrogen ions, 2*11 grams of sodium acetate were used in each 
observation. 

The reaction velocity may be represented by an equation of the 
form - clcJdi — kc^cJ 1 where c t and c 2 represent the concentra¬ 
tions of silver nitrate and sodium formate- respectively, and m and 
n the number of these molecules taking* part in the reaction. 

Determination of m .—In the following series of experiments, 
the concentration of sodium formate was much greater than that 
of silver nitrate, and as this does not appreciably alter during the 
course of the reaction, the velocity equation takes the following 
form : 

- dcjdt = (!cc% n )c x m — 

where k 2 ~kc 2 n . The order of the reaction is the same as m. 

In the following Tables the amounts in c.c. of unchanged silver 
nitrate are recorded: 


3*4205 Grams 
Yolume =150 c.c. 


Table I. 

of sodium formate and 

At 25°. 


N / 15-silver nitrate. 


Tim© in 

Unchanged 

a >2 

(bi molecular 

(unimolecr 

minutes. 

silver nitrate. 

m=2). 

m--=X). 

0 

13-3 

— 

— 

162 

11-2 

0-0000869 

0*000461 

449 

8-75 

0*0000870 

0*000405 

800 

6-9 

0*0000871 

0*000356 

1355 

5*2 

0*0000866 

0*000301 


Mean.... 

0*0000869 



Table II. 


9*1713 Grams 
Volume- =150 c.c. 


of sodium formate and N /15-silver nitrate. 



At 25°. 


t. 

a~~x. 

(bimolecular) 

0 

13*3 

— 

179 

8*9 

0*000208 

365 

6*6 

0*000209 

766 

4*25 

0*000208 

1436 

2*65 

, 0*000210 


Mean......... 

0*000209. 
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Table III. 
At 40°. 


t. 

a—x. 

K 

0 

13*3 

— 

70 

7-15 

0*000010 

1S2 

4-15 

0*000911 

303 

2*85 

0*000910 

528 

1*8 

0*000910 


Mean. 

0*000912 


u 

Table IV. 

At 50°. 

a—x. 

& a . 

0 

13*3 

— 

19 

8*5 

0*00224 

38 

6*2 

0*00227 

64 

4*55 

0*00226 

177 

2*1 

0*00227 


Mean.. 

0*00226 


Table Y. 



18*508 Grams of sodium formate and Nj 15-silver nitrate. 
Volume=150 c.c. 

At 25°. 


L 

a — x. 

A. 

0 

13*3 

—. 

172 

7*2 

0*000370 

327 

5*1 

0*000370 

517 

3*75 

0*000370 

1484 

1*6 

0*000370 


Mean.. 

0*000370 


T, «e VI. 
40°. 


t. 

a—x. 

- fc s . 

0 

13*3 

—. 

32 

7*9 

0*00161 

82 

4*8 

0*00162 

129 

3*55 

0*00161 


0*00161 


Mean, 
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Table VII. 
At 50°. 


L 

a — x. 

K 

0 

13*3 

— 

10*5 

S*5 

0*00404 

18*5 

6*65 

0-00406 

60*5 

3*1 

0*00409 


Mean. 0*00406 


The values of k 2 calculated for m = 2 show such a degree of con¬ 
stancy that the equation indicating a himolecular reaction may 
fairly be regarded as the appropriate one. The oxidation is evi¬ 
dently himolecular with respect to silver nitrate. 

Determination of n .—Supposing that 7c/ and Jc/ f are' the values 
of k 2 obtained in two experiments, in each of which the initial 
concentration of silver nitrate is the same, whilst the concentrations 
of sodium formate are different, say c/ and c/ ! > the following 
equations are obtained: k/ = 7cc/ 1 \ k 2 n = kcj il , whence 



On comparing the foregoing measurements recorded at 25°, the 
following summary is obtained: 


(I). (2). (3). 

Grams of formate.. 16*508 9*1713 3*4205 

Jc & at 25°. 0*000370 0*000209 0*0000868 


By combining these results, the values of n actually obtained 
are 1*09, 0*96, and 0*90. It is seen n approaches closely to the 
value 1, and consequently 1 molecule of sodium formate, takes part 
in the reaction. The whole reaction is, therefore, termolecular, 
himolecular with respect to silver nitrate, and unimolecular with 
regard to< sodium formate (compare Noyes and Cottle, Zeitsch. 
physikal . Chem 1898, 27, 579), 

In order to study the change in the concentration of silver 
nitrate on the velocity coefficient of this reaction, further measure¬ 
ments were made at 25°, and the results obtained are summarised 
below: 1 

With 9*1713 grams of sodium formate: 

Concentration of AgNO s ... NjlB A/30 A/50 

& a at 25°.... 0*000209 0*000212 0*000210 
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Witli 16*508 grams of sodium formate: 

Concentration of AgNG 3 ... N/ 15 NjtlO 

fe 2 at 25° ............ 0*000:570 0-000:572 

With 3*4205 grams of sodium formate: 

Concentration of AgNQ s ... N /IS Nf 30 

b 2 at 25° ...... 0-0000869 0*0000870 

Evidently change in the concentration of silver nitrate lias prac¬ 
tically no influence on the velocity coefficients, hence there is no 
disturbing factor, and the reaction is truly termolecular. 

The chemical equation for this reaction is: 

2AgNO s + H-C0 2 Na - HN0 8 + NaN0 3 + C0 2 + 2Ag. 

Hence the reaction is simple and does not take place in stages. 

Temperature Coefficient. —From Tables II, III, and IY w© get 
kn at 25° = 0*000209, h, at 40° = 0*000912, and h at 50°=0*00226. 
Hence by applying van’t Hoff’s formula we get h W o/h between 
25° and 40° = 2*67, and between 40° and 50° = 2*48. 

If the Arrhenius formula is used, the following results are 
obtained: 

t. J : 2 (obs,). h, (calc.). 

25° 0-000209 (0-000209) 

40 c 0-000912 (0-000912) 

50° 0-00226 0*00226 

A = 3977. 

It has been previously shown that the temperature coefficient of 
the oxidation of sodium formate by iodine and mercuric chloride 
has the value 4*02 between 25° and 40°, and both these-reactions are 
bimolecular. Although the oxidation of sodium formate by silver 
nitrate is a much slower reaction than the other two, the temper¬ 
ature coefficient is much lower than those in the other cases. 
Evidently there seems to be a connexion between the order of a 
reaction and its temperature coefficient. , From this investigation 
it will be clear that under similar conditions iodine is a better 
oxidising agent than mercuric chloride and the latter is a much 
better oxidising agent than silver nitrate. Evidently from kinetic 
measurements, under exactly similar conditions, we can compare 
the relative oxidising or reducing property of substances quite 
accurately. 

The elect of a manganese salt was studied. 

The results obtained with manganese sulphate as catalyst are 
summarised below: 
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9*1713 Grams of sodium format© and Kj 15-silver nitrate. 
Volume =150 c.c. 


Manganese 

sulphate. 

Mean h* 

Mean 7r, 

Temperature 

Grams. 

at 25°/ 

at 40°.“ 

coefficient. 

0 

0*000209 

0*000912 

2*67 

0*0524 

0*000207 

0*000905 

2*67 

1*5735 

0*000187 

0*000811 

2*66 

3*147 

0*000170 

0*000740 

2*66 

6*204 

0*000142 

0*000621 

2*67 

12*588 

0*000109 

0*000475 

2*66 


From the above figures it appears that manganese sulphate is a 
negative catalyst in the oxidation of sodium formate by silver 
nitrate. The 1 greater the concentration of the catalyst, the greater 
is the retardation. This reaction, like the oxidation of sodium 
formate mercuric chloride, is not so sensitive to the influence 
of traces of manganese sulphate as the oxidation of formic acid 
by chromic acid previously studied. Moreover, the temperature 
coefficient is the same as that obtained without any manganese 
sulphate. 

Mechanism of Chemical Change and Temperature-Coefficient. 

It is well known that temperature has a marked influence on 
the velocity of reactions, the average value of the temperature- 
coefficient being about 2*5 for a rise of 10° in the case of non- 
actinic chemical changes. This exponential increase of velocity 
with temperature cannot be explained from the mere increase in 
kinetic movement, for this should mean an increase of only about 
2 per cent, in the velocity of the reaction for the same change of 
temperature. It is clear, therefore, that the temperature effect 
must be due to some influence connected with the internal struc¬ 
ture of the molecules taking part in the reaction. 

The phenomena of ordinary positive catalysis as well as photo¬ 
chemical catalysis in homogeneous medium have made us familiar 
with the acceleration of reactions at constant temperature, and 
this must similarly,, be due to some effect connected with the 
structure of the molecules. 

It seems, therefore, probable that the effects of increase of tem¬ 
perature, of light, and of chemical catalysts in a reaction are 
intimately connected and are possibly identical in nature. 

As was , first suggested by Arrhenius (Zeitsch, pfoysikal. Chem ,, 
1889, 4, 226), the effect of temperature has been ascribed to the 
existence of an equilibrium between so-called “ active ” and “ in¬ 
active ” molecules, such equilibrium being sensitive to changes of 
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temperature; and lienee a rise of temperature by bringing into 
existence more “ active ” molecules causes a reaction velocity very 
much in excess of what one would expect on a merely kinetic 
view 7 . 

Arrhenius has even deduced an expression d log k jd'T = A / T 2 , 
showing the effect of temperature in terms of a quantity A, which 
on this view is taken to be half the energy change involved in the 
transformation of one molecule of “ inactive 55 to “ active. 55 

If such “active”' and “inactive” molecules exist, it appears 
reasonable to expect that a catalyst or light simply acts in shifting 
this equilibrium. Plainly if sufficient catalyst were added to 
change a relatively large amount of “inactive” to “active” mole¬ 
cules or vice versa , it would follow that, when the catalyst is present 
in large quantities, the temperature coefficient should be smaller 
(in the case of positive catalysis) and greater (in the case of nega¬ 
tive catalysis) than that observed when the reaction is not cata¬ 
lysed or only feebly so. For, when much catalyst is present, the 
transformation from “ inactive 55 to “ active” in the case of positive 
catalysis would have already taken place, and therefore temperature 
should have less additional accelerating effect; the reverse would 
be the case in negative catalysis. This hypothesis can be tested by 
the experiments with chemical catalysts already recorded in this 
paper. 

In order to apply the hypothesis to photochemical catalysis, the 
following investigations were carried out. Goldberg (ZeiUch, 
physikal. Chem ., 1302, 41, 1; Zeitsch. wiss. Photochem 1906, 4, 
61), who studied the oxidation of quinine sulphate by chromic acid 
in light, found the temperature coefficient of the reaction to bo 
1*04 for a 10° rise in temperature. The temperature coefficient of 
this reaction in the dark has been determined by the author as 
described below. 

In oidel to exclude light, “resistance 55 glass bottles were 
thoroughly covered with a thick coating of “ club black enamel.” 
This enamel can withstand hot water fairly well, and light is com¬ 
pletely excluded by a thick coating. The chromic acid, which 
remained unchanged, was estimated by iodometric measurement 
with standard thiosulphate; 
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Quinine and Chromic Acid . 

Table I, 

T322 Grams of quinine sulphate, iY/85-cliromic acid, and 
30iV'/17-sulphuric acid. Volume = 85 c.c. 



At 25°. 

A (uni- 

t. 

a—x. 

molecular), 

0 

8*15 

— 

450 

7*0 

0*000150 

1420 

4*95 

0*000152 

3210 

2*6 

0*000154 


Mean. 

0*000152 


Table II. 


At 60°. 


t. 

a—x. 

k v 

0 

8*12 


101 

5*9 

0*00137 

1.87 

4*5 

0*00137 

290 

3*2 

0*00139 


Mean. 0*00138 

Therefore temperature coefficient between 25° and G0° 1*88. 

Table III. 

1*322 Grains of quinine sulphate, N /85-chroniic acid, and 
60i\ r /17-sulphuric acid. Volume=85 c.c. 


t. 

At 25°. 

a—x. 

h. 

0 

8*15 

—, 

258 

6*9 

0*000281 

540 

5*75 

0*000280 

1590 

2*9 

0*000282 


Mean.. 

0*000281 


Table IV. 

At 60°. 


t. 

a—x . 

h- 

0 

8*12 

— 

43*5 

6*3 

0*00254 

67 

5*5 

0*00252 

100 

4*5 

0*00255 

150 

3*37 

0*00254 


Mean. 

0*00254 


Therefore k(+i Q /h between 25 ft and 60°= 1*87. 
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Sulphuric acid only accelerates the reaction and was used by 
Goldberg in his work. The reaction, carried on in the dark, lias 
a higher value (1*87) for its temperature coefficient than that in 
the light (1*04) under similar conditions. Tims the acceleration 
caused by the positive catalyst (light) produces a marked lowering 
of the temperature coefficient. 


Iodine and Potassium Oxalate. 

In a former paper (Dhar, Proc. K. A had. It etensch. Amsterdam) 
1916, 18, 1697) it was found that the oxidation of oxalates by iodine 
was very sensitive to light; light acted here as a strong positive 
catalyst. This reaction was investigated in diffused daylight and 
in the dark. The reaction in the case of potassium oxalate may 
be represented by the equation 

K 2 a0 4 h4 —> 2KI+2CCX, 

As in the case of the formate oxidation, sublimed iodine was used 
and the potassium oxalate was purified by several recrystallisations 
and carefully dried centrifugaily. The solution of oxalate was 
standardised by precipitating a known volume as calcium oxalate, 
igniting in a platinum crucible, and weighing as lime. 

From time to time the unchanged iodine was estimated by means 
of standard sodium thiosulphate. 

The velocity of the reaction may be represented by an equation 
of the form — clc 2 /dt — lcc^ >'• cp, where c x ande 3 represent concen¬ 
trations of iodine and oxalate respectively. 

Determination of m. —In the following series of experiments 
the oxalate used was in large excess, and lienee the concentration 
might be supposed to be practically constant during the course 
of the reaction; hence the velocity equation takes the following 
form: 

- dcjfdt = (kep)c^ = 

where — The order of the reaction is the same as m. 

Measurements in the Dark at 50 °. 

Table V. 

16*7086 Grams of potassium oxalate, 0*1677 gram of iodine, and 
0*8476 gram of potassium iodide. Volume = 150 c.c. 

l\ (uni- 


L 

a—x. 

molecular). 

0 

14-37 

__ 

90 

9-24 

0-00213 

155 

6-6 

0-00218 

220 

4-7 

0*00220 

280 

3-4 

0-00223 


Mean...... 

0-00213 
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Table VI. 

9*354 Grains of potassium oxalate, O’1677 gram of iodine, and ' 
O'8476 gram of potassium iodide. Volume = 150 c.c. 


t. a—x. 

0 14-37 — 

100 11-5 0-000907 

200 8-0 . 0-000978 

485 4-8 . 0-000981 


Mean. 0-000975 


Table Vli. 

4*6770 Grams of potassium oxalate, 0*1677 gram of iodine, and 
0‘8476 gram of potassium, iodide. Volume = 150 c.c. 


t. 

a — x. 


0 

14*37 


245 

11*2 

0*000442 

500 

8*5 

0*000456 

725 

6*0 

0*000406 


Mean...,. 

. 0*000455 


From the foreging Tables, it will be seen that the values of h 
calculated for m = 1 exhibit such a degree of constancy that the 
equation indicating a unimolecular reaction may fairly be regarded 
as the appropriate one. 

Determination of n. —Supposing that h\ and k } ti are the values 
of hi (in the equation h 1 = ke n ) obtained in two experiments, in 
each of which the initial concentration of iodine is the same, whilst 
the concentrations of potassium oxalate are different, say eJ and 
c 2 fI ? the following equations are obtained: 

k f c ' 

kf sa k { " — kc 2 " n ; whence n — log -A ?/ 1 log 

rC-| ' c., 

From the measurements recorded in the foregoing Tables, the 
following summary of results is obtained: 

(I). (2). (3). f 0*1677 gram of 

I iodine and 0*8476 

Grams of oxalate 18-7080 0*354 4*677 1 gram of potassium 

Value of h at 50° 0*00217 0*000975 0*000455 \ iodide. 

Combining these results, the values of n actually obtained are 
1*1, 1*1, and 1*09, 

It is seen that n approaches very closely to the value 1. These 
results show that the oxidation of potassium oxalate by iodine is 
unimolecular with respect to both iodine and potassium oxalate, 
and consequently the whole reaction is bimoleeular; this is quite 
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in accordance with the equation representing the chemical 
change. 

In order to determine the temperature coefficient of the reaction 
in the dark, measurements were made at -different temperatures. 


Table YIII. 

18*7080 Grams of potassium oxalate, 0*1677 gram of iodine, and 
0*8476 gram of potassium iodide. Volume =150 c.c. 




At 25°. 





t. 

a—x. 


7, 

'*1* 



0 

14*37 





7,015 

10-S 

0*0000177 



12,835 

8*4 

0*0000181 



24,000 

4*95 

0*0000193 




Mean. 

0*0000184 



Table IX. 



Table X. 



At 40°. 

i 


At 60°. 


L 

a-as. 

h v | 

t. 

a-x . 

k v 

0 

14*37 


0 

14*37 

,— 

265 

11*65 

0*000343 1 

14 

10*0 

0*0113 

520 

0*35 

0*000358 ! 

31 

6*25 

0*0119 

1270 

4*9 

0*000367 J 

47 

3*9 

0*0121 


Mean. 

0*000356 ! 


Mean. 

0*0118 


18*708 grams of 
potassium oxalate, 
0*1677 gram of 
iodine, and 0*8476 
gram of potassium 
iodide 


Summary of Results. 

1 Temperature 25° 40° 00° 

. 0*0000184 0*000356 0*00218 


60° 

0*0118 


Hence between 25° and 40° = 7*2, between 40° and 50° = 

6*1, and between 50° and 60° = 5*4. It is seen that the tempera¬ 
ture coefficient of the oxidation of oxalates by iodine in the 
dark is quite large and is 7*2 between 25° and 40°, and falls off 
with increase of temperature. 

Applying the Arrhenius formula log A {T l - T 2 )/ TjT 2 , the 

following results are obtained; A = 7989: 


Tempera¬ 
ture. b (found). 

'25° 0*0000184 

40° 0*000356 

SO* 0*00218 

60° 0*01 IS 


b (calc.). 
(0*0000184) 
(0*000356) 
0*00219 
0*0121 
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The same reaction was studied in diffused daylight. The reaction 
velocity was greater in diffused daylight than in the dark. 

In Diffused Daylight at 50°. 

Table XIII. 

18*7080 Grams of potassium oxalate, 0*254 gram of iodine, and 
1*0826 grams of potassium iodide. Volume = 150 c.c. 

h t (uni* 

t. a—x. molecular). 

0 19-7 — 

65 13-8 0*00238 

170 7*75 0*00238 

315 3*4 0*00242 

Mean. 0*00239 


Table XIV. 

S‘354 Grams of potassium oxalate, 0*254 grain of iodine, and 
1*0826 grams of potassium iodide. Volume = 150 c.c. 

(uni- 


L 

a—x. 

molecular). 

0 

19*7 

— 

90 

15*8 

0*00106 

210 

11*85 

0*00105 

341 

8*85 

0*00102 

480 

6*4 

0*00102 


Mean.... 

.. 0*00104 


Table XV. • 

4*677 Grams of potassium oxalate, 0*254 gram of iodine, and 
1*0826 grams of potassium iodide. Volume=150 c.c. 


L 

a—x. 

h- 

0 

19-7 

— 

120 

16*9 

0*000555 

240 

14*6 

■ 0*000542 

360 

12-7 

0*000530 

480 

11*0 

0*000527 


Mean.... 

.. 0*000539 


Summary of Results. 


i 


0*254 gram of iodine and 
1*0826 grams of potass¬ 
ium iodide 


C Grams of potass- 
<! ium oxalate 
at 50° .. 


(1). (2). (3). 

18*708 9*354 4*677 

0*00239 0*00104 0*000539 
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Combining these results, the values of n actually obtained are 
1-2, 1*07, and 0*90. Hence it is seen that n approaches unity. 
Consequently the reaction is unimolecular with respect to both 
iodine and oxalate, and the order of the reaction is not altered in 
diffused light. 

In order to determine the temperature coefficient in diffused 
daylight, measurements were made at 25°. 



Table 

xvi. : 

Table XVII. 

18*708 

grains 

of potassium 4*677 

grams of 

potassium 

oxalate, 

0*254 gram of iodine, oxalate, 

0*2295 gram 

of iodine, 

and 1*08 

26 grams of potassium . and 0*6492 gram of 

potassium 

iodide. 

Volume 

= 150 c.c. i iodide. 

Volume = 150 

c.c. 

tu 

a ~ x. 

k v " ! t. 

a-x. 

K 

0 

19*7 

— 1 0 

19*60 

— 

360 

17-9 

0*000114 ! 4S0 

18*9 

0*0000356 

1440 

13-55 

0-000113 1440 

17*45 

0*0000359 

2880 

9*5 

0*000110 11000 

8*0 

0*0000355 

Mean 

... ... 

... 0*000112 | 

Mean . 

0*0000357 


Summary of Results. 

18-7080 grams of potassium oxalate, f A. 

0*254 gram of iodine, and 1-0826 - Temperature 25° 

grams of potassium iodide [Value of 0*000112 

4*677 grams of potassium oxalate, t B. 

0*2295 grain of iodine, and 0*6492 - Temperature 25° 

gram of potassium iodide [Value of h x 0-0000357 

*From A : 

Temperature coefficient between 25° and 50° = 3*40. 
and from B : 

k t 4-!0 / k t between 25° and 50° = 3*36. 

The temperature coefficient between 25° and 50° of th© oxida¬ 
tion of potassium oxalate by iodine in the dark has the value 6’73; 
whilst in diffused light it is 3*4. 

Evidently the acceleration of the oxidation of potassium oxalate 
by iodine in diffused daylight produces a lowering in the value 
of the temperature coefficient. 

Mercuric Chloride and Potassium Oxalate, 

It is well known that a mixture of an oxalate and mercuric 
chloride lias been utilised as an actinometer. Eder (Sitzmir/sber, 
K. A had. miss. Wien , October, 1879) has made a thorough study 
of this actinometer and has measured th© amount of mercurous 


rtjio 

0*00239 


50° 

0-000741 
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chloride obtained at various temperatures in the presence of light. 
His results show that the temperature coefficient for a 10° rise 
between 0° and 80° is 1*19. 

In the present investigation the velocity of this reaction at 
different temperatures in the dark was studied. The reaction 
being slow, measurements were made at 79*6° and 99*6° with 
glycerol as the thermostat liquid. 

Since preliminary experiments showed that carbon dioxide, which 
is a product of the chemical reaction, markedly accelerates the 
change. Both the reacting substances were saturated with carbon 
dioxide before mixing. As in the case of the oxidation of formates 
by mercuric chloride, definite volumes of the mixture were with¬ 
drawn from time to time by means of a pipette fitted with a plug 
of cotton-wool, and added to an excess of potassium iodide. The 
excess of potassium iodide was titrated against a standard solution 
of mercuric chloride. 


In the Dark. 
Table I. 
At 99*6°. 


31*430 Grams of potassium oxalate and Mj 15-mercuric chloride. 
Volume = 150 c.c. 


t. 

a — x. k x 

(uniraoleeular). 

0 

13*3 

— 

58 

0*4 

0*00260 

140 

5*75 

0*00200 

270 

2*0 

0*00262 


Mean ... . 

.. 0*0026! 


Table II. 



At 99*6°. 



15*715 Grains of potassium oxalate and Mj 15-mercuric chloride. 
Volume = 150 c.c. 



a—x. 

k r 

0 

13*3 

— 

142 

8-7 

0*00130 

280 

5*75 

0*00130 

418 

3*7 

0*00133 


Mean . 0*00131 
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Table III. 

At 99*6°. 

7*S575 Grams of potassium oxalate and Mj 15-mercuric chloride, 
Volume = 150 c.c. 


t. 

a—x. 

*«- 

0 

13*3 


343 

8*0 

0*000643 

535 

* 6*0 

0*000848 

1080 

2-7 

0*000653 


Mean ... . 

.. 0*000647 


Table IV. 

At 79*6°. 

31*430 Grams of potassium oxalate and Mj 15-mercuric chloride. 
Volume = 150 c.c. 


t. 

a—x. 

h- 

0 

13*3 


415 

8*1 

0-00052 

610 

6*5 

0-00051 

925 

4*3 

0-00053 


Mean . 0*00052 


Table V. 

At 79*6°. 

15*765 Grams of potassium oxalate and Mj 15-mercuric chloride. 
Volume =150 c.c. 


t. 

a—oc. 

h x . 

0 

13*3 

_ 

570 

2*45 

0*00020 

1380 

5*65 

0*00027 

1680 

4*5 

0*00028 


Mean. 

. 0*00027 


Table VI. 



At 79*8°. 



7*8575 Grams of potassium oxalate and Mj 15-mercuric chloride. 
Volume = 150 c.c. 


t. 

rt—rr. 

h- 

0 

13*3 


1124 

9*5 

0-00013 

1555 

8*35 

0-00013 

2830 

5-7 

0-00014 


Mean ... 

... 0-000133 
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From the foregoing Tables it will be seen that, in spit© of a slight 
tendency to rise, the values of k calculated for m~ 1 exhibit such 
a degree of constancy that the equation indicating a unimolecular 
reaction may fairly be regarded as the appropriate one. 

Determination of n .—Supposing that k x f and k x ,! are the values 
of k x (in the equation k x = kc n ) obtained in two experiments, in 
each of which the initial concentration of mercuric chloride is the 
same, whilst the concentrations of potassium oxalate are different, 
say c % ! and the following equations are obtained: 


kf — kef = kof n ; whence n = log 

k 


\os%; 


The measurements recorded in the foregoing Tables may, therefore, 
be employed in determining the value of n. 

On comparing, the following summary of results is obtained: 


At 99-6°. 


(1). (2). (3). 

Grams of oxalate . 30*430 15-715 7-8575 

Value of lc t . 0-00201 0*00131 0-000647 


Combining these results, the values of n actually obtained are 1, 
1*06, 1*02. It is seen that n approaches very closely to the value 1. 
Consequently the oxidation of potassium oxalate by mercuric 
chloride is unimolecular with respect to both the reacting sub¬ 
stances, that is, the whole reaction is bimolecular, although the 
chemical equation shows it to be termoleeular: 

2ITgCl 2 + K 2 C 2 0 4 =2HgCl 4- 2KC1 -j- 2CG 2 . 

The reaction probably takes place in stages. 

From Table I we get k x at 99*6° = 0*00261 and from Table IV 
k x at 79*6° = 0*00052; therefore by van’t Hoffs equation we get 
o/Jfc* =2*24. Similarly from Tables II and V, also from III 
and VI, the temperature coefficients obtained are 2*20 and 2*21. 
Hence it is seen that the temperature coefficient of the oxidation 
of potassium oxalate by mercuric chloride in the dark is 2*2, whilst 
in light it is 1*19. Light acting as an accelerator produces a con¬ 
comitant reduction in the temperature coefficient. 

There are a few cases on record where reactions have been 
investigated both in the light and in the dark. 

Brunner and Dluslca (Bull. Acad , Sci. Cracow , 1907, 707) have 
studied the bromination of toluene and found the temperature 
coefficient in light to be equal to 1*8, whilst in the dark it is 4*5. 

Plotnikov ( Zeitsch. physikal. Ghem 1907, 58, 64, 214; 1911, 
75, 885) also investigated two reactions and found the following 
values: 
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Oxidation of Hydrogen Iodide by Oxygen. 


Temperature coefficient for 10 c rise 


In the iiglife. 
1*4 ' 


In the dark, 
2*86 


Action of Oxygen on Iodoform dissolved in Benzene or Alcohol . 

In the light. In tho dark. 

Temperature coefficient tor 10'" rise 1*42 2*61 

In all these cases light acts as a positive catalyst and markedly 
accelerates the reactions. Evidently when there is acceleration 
produced by light we have a concomitant lowering of the tempera¬ 
ture coefficient, and the greater the acceleration the greater will 
"be the lowering of the temperature coefficient of the light reaction. 

In reactions in which the velocity is greatly accelerated by light 
we expect the value of the temperature coefficient to be'about 1*04 
to 1*39; but when light acts as a negative catalyst we should 
expect an increase in the value of its temperature coefficient. 

As a matter of fact, Trautz (Physical. Zeitsch 1906, 7, 899) 
has shown that the oxidation of sodium sulphide and of pyrogallol 
by oxygen are retarded by violet light, and he has found the 
temperature coefficients to be 3*5 in the case of sodium sulphide 
and 2*4 in the case of pyrogallol. These temperature coefficients 
are much larger than those for photochemical reactions, in which 
light is an accelerator. 

Slator ( Zeitsch . physikal. Ghent 1903, 45, 513) investigated the 
chlorination of benzene in the presence of several chemical 
catalysts and of light. The reaction velocity in absence of any 
catalyst is very small. Of the three positive catalysts used in this 
reaction, iodine chloride, stannic chloride, and ferric chloride, the 
first was found to be the most effective, then stannic chloride, and 
lastly ferric chloride. The temperature coefficients in the presence 
of these catalysts are as follows: ■ 


Catalyst 1C1 SnCl 4 FeCi 3 

Temperature coefficient 

sAf+io /*« ....... 1*05 1*5 2*5 


Light also accelerates the reaction, and the temperature 
coefficient in the presence of light is 1‘5. It is clear that the 
greater the acceleration produced by a given catalyst, the smaller 
is the value of the temperature coefficient; the temperature 
coefficient of the reaction with the strong positive catalyst, iodine 
chloride, in the dark is much smaller than that of the reaction 
carried on in the light without any chemical catalyst. 1 A strongly 
catalysed reaction in the dark may have a very small temperature 
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coefficient, just like a photochemical reaction. This is in harmony 
with the hypothesis. 

Recent work of Padoa (Atti R. Accack Lined, 1916, [v], 28, ii, 
168, 215) has brought further evidence in favour of the hypothesis 
in question. He has studied the temperature coefficients of the 
action of monochromatic light on chlorine-hydrogen mixtures, on 
a photographic plate, and on some phototropic transformations. 
With the chlorine-hydrogen mixture the following temperature 
coefficients were obtained: 

White light, 1'29; green (A = 550—530 fxp), 1*50; blue 
(A = 490—470/qx), 1*31; violet (a = 460—440), 1*21; ultra-violet 
(A = 400—350), 1*17. 

Thus the value of the temperature coefficient increases with the 
wave-length of light. The chemical activity of these rays increases 
with the decrease of the wave-length. 

Exactly similar results have been obtained with the photographic 
plate and the phototropic transformations; the greater the intensity 
(and hence the acceleration), the smaller is the temperature 
coefficient. 

From a consideration of the experimental verification of this 
hypothesis in the case of chemical catalysts, it is found that 
sulphuric acid markedly accelerates the oxidation of formic acid 
by chromic acid, and in this case the accelerating effect increases 
more rapidly than the accelerator, and if the concentrations of 
sulphuric acid are plotted as abscissae, and the corresponding 
velocity coefficients as ordinates, an exponential curve is obtained 
(compare Rosanoff, /, Amer. Ghem. Soc., 1913, 35, 173). Accord¬ 
ing to This hypothesis, the temperature coefficient in the presence 
of sulphuric acid should be less than that in the absence of the 
catalyst. As a matter of fact, all the experimental work with 
sulphuric acid recorded in the foregoing pages supports this deduc¬ 
tion. Here only one typical case is cited: 


3-0333 A-formic acid and 
A/30-chromic acid 


f Concentration of K 2 S0 4 
1 h+iJh between 25° 

I and 50°. 


0 

2-03 


A/6 

1-87 


A/3 2A/3 
1-86 1*84 


Hence we find that the greater the concentration of sulphuric 
acid, the greater is the fall in the temperature coefficient. 

On the other hand, manganese chloride is a negative catalyst in 
the oxidation of formic acid by chromic acid, and it has been 
proved that in the presence of tins salt the temperature coefficient 
is appreciably higher than that in the absence of the catalyst. 1 
The oxidation of oxalic acid by chromic acid is retarded in the 
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presence of an excess of sulphuric acid, and tlie following results 
are obtained for the temperature coefficient: 


A7/20-oxalic acid and 

JV/lOO-ehromic acid 


f Concentration of H 2 S0 4 
-j h+io/kt between 25° 


and 40° 


1-96 


3JV/5 SA 7 /5 4 IN 
2*18 2*32 2*66 


Thus sulphuric acid, acting as a negative catalyst, produces an 
increase in the temperature coefficient. Similarly in this oxida¬ 
tion boric acid, molybdic acid, and ammonium molybdate are 
retarders, and in their presence the temperature coefficient is higher 
than in their absence. 

In the oxidation of sodium formate by mercuric chloride, it has 
been found that chlorides are retarders, and in their presence the 
temperature coefficient is appreciably increased. By considering 
the case of manganese chloride: 


Concentration of MnC1>... 0 0*1722 0*4306 0*8613 1*7726 

k at 25° .7. 0*00112 0*000486 0*000207 0*000081 0*000025 

Temperature coefficient... 4*02 4*06 4*2 4*42 4*54 

on© finds the retarding ©Sect increasing more rapidly than the 
retarder. Exactly similar results are/ obtained with zinc chloride. 

In the oxidation of sodium formate by silver nitrate, zinc and 
calcium nitrates have been found to be great retarders, and in 
their presence the temperature coefficient is higher than that 
determined in their absence. 

In the oxidation of sodium formate by iodine, potassium iodide 
is a retarder j the temperature coefficient does not practically 
change in the presence of potassium iodide. This is due, prob¬ 
ably, to the following reason. From the work of Taylor (. Proc . 
Boy, Soc. Edhi., 1905, 25, 231; 190S, 28, 461) on the viscosity 
of aqueous solution? the following results are obtained: 


Temperature. 

Viscosity of 
JV-potassium 

Viscosity of 

iodide. 

water. 

0° 

0*854 

1*000 

15° 

0*583 

0*640 

25° 

0*467 

0*501 


The ratio of the viscosity, of water at 25° and 15° = 0*793, whilst 
that of IV-potassium iodide is 0*801. It is well known that 
the greater the viscosity, the smaller is the velocity coefficient 
of a reaction. Evidently in the presence of potassium iodide the 
ratio of the velocity coefficients at 25° and 15°, that is, the 
temperature coefficient, would be smaller than that obtained in 
water. This effect is more pronounced with more concentrated 
potassium iodide solutions. In the presence of a large excess of 
potassium iodide, the experimental results show that the tempera- 
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lure coefficient, instead o! being higher, is actually lower than the 
value obtained with very dilute solutions. In these cases the 
changes in viscosity more than counterbalance the elect due to 
the change of “'active” molecules into the “'inactive”’ state. 

Lewis (T., 1914, 105, 2330; 1915, 107, 233; 1916, 109, 796) 
has studied the hydrolysis of methyl acetate and sucrose in the 
presence of different concentrations of hydrochloric acid at 
different temperatures, but in both these cases the difference 
obtained in the temperature coefficients of a feebly and a strongly 
catalysed reaction is very small. His results may be explained in 
the light of the viscosity changes already indicated. 

On the other hand, the work of Clark (/. physical Ghem 1907, 
11, 353), who has studied the accelerating effect of chromic acid 
on the interaction of bromic and hydriodic acids, and of Miiller 
(Bull. Soc . Chim.y 1911, [iv], 9, 185) on the accelerating effect of 
hydrochloric acid on the action of iodine on sodium dithionate, 
shows that the temperature coefficient falls off with the increase in 
the concentration of the catalysts. 

Moreover, Molmberg (. Zeitsch . physihal. Ghem 1912, 79, 146) 
has studied the action of- hydroxides of the alkali and alkaline 
earth metals on the hydrolysis of dibromosuccinic acid, and has 
found that the greater the acceleration the smaller is the tempera¬ 
ture coefficient. The work of de Bruyn and Sluiter (. Froc . K. 
A had. Wetensch . Amsterdam , 1904, 0, 773) on the transformation 
of acetophenoneoxime into acetanilide is also in favour of the 
hypothesis. 

This is practically all the literature that is available at present 
to test this hypothesis. In spite of the fact that numerous 
catalytic reactions have been investigated, an examination of the 
literature has shown that in very few cases have catalyst and 
temperature been varied simultaneously. 

In studying the kinetics of the reactions described in this paper 
the “ isolation method ” of Ostwald was always used. In the 
investigation of inultirnolecular reactions this method has several 
advantages. By increasing the concentration of one of the react¬ 
ing substances we can increase the speed so- as to bring the reaction 
within the range of convenient experimental conditions. The 
oxidation of formic acid by chromic acid is a case in point. The 
study of the kinetics of the reaction is only possible by having an 
excess of formic acid; otherwise the reaction is too slow to measure 
its. velocity. 

Moreover, by having an excess of one of the reacting substances, 
the concentration of that reactant does not enter into the question 
4 the velocity, and hence the kinetics become much simpler. 

VOL. CXI. , H H 
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Although the action of chromic acid on formic acid is a quadri- 
molecular reaction, in the presence of an excess of the latter acid 
the reaction follows the unimolecular formula and becomes quit© 
.easy to investigate. 

In order to study the effect of dilution on temperature™ 
coefficients, the concentrations of the reacting substances have 
been widely varied. In the formic acid oxidation, temperature 
coefficients have been determined using different concentrations of 
formic acid with a definite concentration of chromic acid. 
Although, by the change in the concentration of formic acid, the 
velocity coefficients have widely different values, the temperature 
coefficients remained practically the same in alJ cases. Exactly 
similar results were obtained in the other reactions investigated in 
this paper. Evidently dilution has no appreciable effect on the 
equilibrium between v ' c active 99 and “ inactive molecules. In an 
important paper Halban ( Zeitsch . pihysikal . Chem 1909, 67, 176) 
has shown that unimolecular reactions have larger-..temperature 
coefficients than those of multimolecular ones. In addition to the 
cases enumerated by him, the following are a few more examples 
in favour of this view. The temperature coefficient of the intra¬ 
molecular change of aeetobroinoamide has the value 5'37 between 
16° and 25° (van Dam, Bee. trav. chim ,, 1900, 19, 318), and 
Kreinann (. Monatsh 1910, 81, 245, 1051) has shown that the 
temperature coefficient of the velocity of decomposition of ethyl 
hydrogen sulphate in water has the value 4*5 between 55° and 
65°. Also Rivefct (Zeitsch. phi/sikal. Chem 1913, 82, 201) has 
obtained 3’27 for the temperature coefficient of the change of 
acetochloroanilide to p-chloroacetanilide. Halban ? s view that reac¬ 
tions which are really multimolecular, but owing to the presence 
of one of the ingredients in excess appear to b© unimolecular, have 
higher temperature coefficients seems doubtful 

In, this investigation it has been shown that the oxidations of ’ 
formic and oxalic acids by chromic acid follow the imimolecular 
formula when an ■ excess of formic or oxalic acid is present. 
Although the reactions are unimolecular, the temperature j 
coefficients are not high, the values being 2*03 for formic acid and | 
1*94 for oxalic acid between the temperature interval of 25° and s 
40°, It has already been stated that change in the concentration * 
of formic acid, for example, has no effect on the 1 temperature 
coefficient. By increasing the concentration of one of the 
reactants, a bimolecular reaction can be made to appear as a 
unimolecular one; according to Halban's view, the same reaction 
will have a temperature coefficient in the unimolecular condition 
different from that in the bimolecular state- This is not : 
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corroborated by experiments. As a matter of fact, the oxidation 
of potassium oxalate by iodine in the dark is a bimolecular reac¬ 
tion, and has the temperature coefficient 7*2 between 25 ° and 40 °. 
Similarly, the bimolecular reactions—the oxidation of sodium 
formate by iodine and by mercuric chloride—have a temperature 
coefficient of 4 * 02 . It appears, therefore, that the temperature 
coefficients of both bi- and uni-molecular reactions can be higher 
than those of multimoleeular reactions. 

In a similar way Hirniakh work (Ghent, Zentr 1914, I, 3) on 
the temperature coefficients of the reaction between dimethyl- 
aniline and ethyl iodide can be easily explained. In this investiga¬ 
tion it has been shown that under exactly similar conditions the 
oxidation of oxalic acid by chromic acid has a greater velocity 
and smaller temperature coefficient than those of the oxidation of 
formic acid by chromic acid. Similar results have been obtained 
by Kremann (loc, cit.) and Hirniak (loc. cit,). From their work 
it can be seen that, when the order of the reactions considered is 
the same, those with greater velocities have smaller temperature 
coefficients. All these facts, and the deduction of Skrabal 
Monatsh 1914, 35, 1157; 1916, 37, 191) that immeasurably rapid 
reactions have a temperature coefficient of unity, can be easily 
understood on the basis of the hypothesis of “ active J; and 
“ inactive” molecules, since an immeasurably rapid reaction is 
possible when the number of “ active ” molecules are very large, 
and this being the case, temperature will have very little effect 
on this reaction. 

Recently a purely physical concept of active molecules has been 
introduced by Marcelin (Gompt. rend., 1914, 158, 161) and Rice 
(Brit. Assoc . Repoi't , 1915, 397). By treating the problem of 
reaction velocity from the point of view of statistical mechanics, 
they have correlated the reaction velocity with the temperature 
on the assumption that only those molecules react which reach a 
“ critical ” condition, in which they acquire a certain energy con¬ 
siderably in excess of the average energy per molecule of the 
system. 

Rice ? s equation is 

d log k _ Vc — Vm + ^BT 

~dT ' 5P ’ 

where Vm is the mean potential energy of the molecular group in 
question, so that Vc — Vm is the “ critical ” increment of energy 
necessary for the reaction. 

The forces involved .are supposed to be electromagnetic, and 
therefore subject to modification due to change of radiation 
density produced by a catalyst. This leads to the .conclusion that 

H H 2 
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a positive catalyst, by reducing Vc - Vm, increases Ic, but decreases 
dlogkjdT, and vice versa for a negative catalyst. These deduc¬ 
tions are in agreement with the experimental results brought for¬ 
ward in this paper, 

Furthermore, in a recent experimental paper on the photo¬ 
chemical changes occurring in aqueous solutions of chloroplatinic 
acids, Boll {Ann. Physique, 1914, [is], 2, 5, 226) has concluded 
from his work that there exist intermediate active phases of the 
reacting molecules. Goldschmidt (. Phy&ihal . Zeitsch 1909, 10, 
206, 421), from theoretical considerations, also draws a similar 
conclusion. Moreover, the recent work by Baly and bis pupils 
(T., 1908, 93, 2108; 1912, 101, 1469, 1475) on the absorption 
spectra of compounds has experimentally proved the existence of 
those very active phases of molecules as intermediate stages in 
chemical reactions such as advocated in this paper. 

In conclusion, I offer my hearty thanks to Professor J. G. Philip 
for his kind help, and to the Besearch Fund Committee of the 
Chemical Society for a grant which met part of the expenses 
incurred in this research. 

I:\ipuuial Colleou of Science and Technology, 

London, S.W. [Received, Juno 2 Lst, 1017.] 


LXlll.—A Synthesis of Tropinvne. 

By B,obeut 'Robinson. 

Among the noteworthy achievements of Willstatter in connexion 
with Ms investigation of the chemistry of tropine, there was 
nothing* that contributed a greater share to the final solution of 
the problems encountered than the demonstration of the 
constitution of tropinone, a ketone first produced in 1896 (Will¬ 
statter, Ber, } 1896, 29, 396; Ciamician and Bilker, ibid., 490) by 
the oxidation of tropine, and later by a similar method from 
eegoniite (Willstatter, 3er. ? 1898, 31, 2655). TMs substance has 
become the central figure in the atropine group of the alkaloids, 
and, as shown below, may be regarded as the natural starting point 
in the synthetical preparation of a number of bases of great value 
in the practice of medicine and surgery. 




EOBINSGN: .4 SYNTHESIS OF TEOPINO-SfE. 


763 


Tropino ‘^ ntrolytic 

reduel ion 


Tropin one 


Kn 

-> 

CO. 



^-Tropine 


Atropine Homatropine 


Y ^ 

Tropacoeaine 


Tropinonoearbox vlic acid 


r-Ecsyonino 


Y . 

r-Ooeaine. 


An examination of the details of the reactions involved in the 
above shows that it is improbable that cocaine would be 
synthesised from artificial tropinone, and that the feasibility of 
the preparation of atropine would depend on the elaboration of 
improved methods for the production of tropic acid. On the 
other hand ? given readily accessible tropinone, the technical pre¬ 
paration of homatropine and tropacoeaine would be a compara¬ 
tively simple matter. By reason of the richness of the field of 
chemistry explored, the synthesis of tropine by Willstatter 
(Annalen, 1901, 317, 204; 1903, 326, 1) is classical, but the 
method employed, which it is unnecessary * to recall in all its 
details, appears to be of too complicated a character to admit of 
development into an economical process. It is first of all neces¬ 
sary to obtain suberone, which is then converted through several 
stages into cycZoheptatriene, and finally into tropidine, ^-tropine, 
tropinone, and tropine. 

Nevertheless, an inspection of the formula of tropinone (I) dis¬ 
closes a degree of symmetry and an architecture which justify 
the hope that the base may ultimately be obtained in good yield 
as the product of some simple reaction and from accessible 
materials. By imaginary hydrolysis at the points indicated by 
the dotted lines, the substance may be resolved into succindi- 
aldehyde, inethylamine, and acetone, and this observation sug¬ 
gested a line of attack of the problem which has resulted in a 
direct synthesis. 


OH, 


/OH— 

/li. 

oh 3 I 

| NMe CO 

OH s [ 

\ 'I. 




-OH, 


2 


(L) 


/' 

CEL 


oh— o:cH-o-H,:o 0 :cH fl 


OHo 

\ 


NMe 00 


\ch— o:cH-c 6 H 3 :o 2 :cHg 
(IB) 
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In searching for a method of synthesis of any substance, it is 
always convenient to- he able to recognise the formation of traces 
of the desired product, and in the present instance none of the 
derivatives of tropinone already prepared was found to he so 
suitable for its detection as the dipiperonylidene derivative (II), 
which does not appear to have been hitherto described. With 
the aid of this highly characteristic compound it was proved that 
tropinone is obtained in small yield by the condensation of 
succindialdehyd© with acetone and methylamine in aqueous solu¬ 
tion. An improvement followed on the replacement of the acetone 
by a salt of acetonedicarboxylic acid. The initial product is a 
salt of tropinonedicarboxylic acid, and this loses two molecules of 
carbon dioxide with the formation of tropinone when the solution 
is acidified and heated. 


/OHO 


CM, 


OHn 


+ NH a Me 


x OHQ 


^CR-OH OByOOgCa 

ch 2 

I NMe +00 —>■ 

oh 2 
\ 2 

XIH-OH OH,*OO s ca 


,0H-CH*C0 2 oa 


OH, 


CBT, 
e\ 


EMe CO + 2HC1 


X CH-GH-OO.ca 


/OH- 

/ I 

OH, 


CH 2 j 


ch 2 

! 

EMe 00 

| | 

OH-OH, 


+ 0a01 9 
+ 2C0 2 


Tropinone was also obtained by the hydrolysis of the product 
of condensation of succindialdehyde with ethyl acetonedicarb- 
oxylate and methylamine in alcoholic solution. When more 
material is available it is hoped to institute a series of , experi¬ 
ments with the object of defining the optimum conditions of the 
synthesis, and it will then be possible to, state with more exact¬ 
ness the maximum yield obtainable. However, in spite of the 
small experience so far gained, an experiment is described in which 
the yield of dipiperonylidenetropinone from succindialdehyde was 
42 per cent, of that theoretically possible. The method of 
synthesis of bicyclic bases which has been developed is probably of 
general application, and an attempt will be mad© to synthesise 
^-pelletierine by the condensation of glutardialdehyde with 
methylamine and a derivative of acetone. 
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Experimental 

Dipiperonylidenetropinone (Formula II). 

Potassium hydroxide (5 grams) dissolved in water (20 c.c.) was 
added to tropinone (2 grams) and piperonal (6 grams) dissolved 
in alcohol (100 c.c.), and the solution was then "boiled under reflux 
during fifteen minutes. The derivative crystallised during the 
course of the reaction, and, after the addition of water, was 
collected, washed with water and alcohol, and crystallised from 
ethyl acetate. The yield was quantitative: 

0*1139 gave 0*2991 C0 2 and 0*0543 II 2 0. 0 = 71*6; H = 5*3. 

C 24 H 21 0 5 N requires 0=71*4; 11 = 5*2 per cent. 

Dipip eronyUdeneiropinone separates from ethyl acetate in 
bright yellow needles melting at 214°, and is sparingly soluble in 
most organic solvents. If it is rubbed on the side of a test-tube 
and sulphuric acid added, the substance acquires a coppery lustre 
and then passes into an intense royal-blue solution. This becomes 
green and finally yellow on dilution with water. The salts of the 
substance are in general sparingly soluble, but the acetate dis- 
"solves readily in water to a bright orange-yellow solution. Yellow, 
crystalline precipitates of corresponding salts are obtained on the 
addition to such a solution of hydrochloric, hydrobromic, nitric, 
sulphuric, oxalic, or picric acid. The hydrochloride crystallises 
from hot water, in which it is sparingly soluble, in yellow, micro¬ 
scopic needles. The substance is decomposed by hydroxylamine in 
boiling alcoholic solution with the formation of piperonaloxime, 
and presumably of the oxime of tropinone. 

The formation of the dipiperonylidene derivative serves as a 
means of detection of the merest traces of tropinone, and the test 
may be applied in the following manner. A solution which it is 
suspected contains the base may first be acidified and evaporated 
in a vacuum in order to remove possible volatile neutral impuri¬ 
ties, such as acetone. Alcohol, an excess of piperonal, and 
potassium hydroxide are then added, and the 4 solution heated on 
the steam-bath for two or three minutes and then poured into 
ether. The ethereal solution is washed with water and separated, 
and then agitated with a little dilute hydrochloric acid. If 
tropinone is present, the hydrochloride of the derivative is so 
obtained in a crystalline condition. 
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Synthesis of Tropinone from Sucoin diald.ehyde } Melhifhuiumc, and 

Acetone. 

In tills reaction, wliicli lias not yet been sufficiently investi¬ 
gated, it seeroed that the tropinone could onl} 1, be detected, after 
the expiration of a brief period from the time of addition of the 
in ethyl amine. If the reaction mixture was allowed to remain 
overnight, other basic ketones* were obtained which condensed with 
piperonal and interfered with the recognition of the desired pro¬ 
duct. Suecindialduxime (7 grains) suspended in water (30 c.c.) 
was converted into succindialdehyde by means of nitrous fumes 
generated from nitric acid (D 1*3) and arsenious oxide according 
to the method developed by Harries (Ber, } 1901, 34, 1494). 
Water (50 c.c,) was then added, and the nitrous and nitric acids 
neutralised by means of an excess of precipitated calcium 
carbonate. After the addition of acetone (5 grams), and then 
methyiamine (4*5 grams) dissolved in water (20 c.c.), the mixture 
was allowed to remain during half an hour. The solution, was 
acidified with hydrochloric acid and tested for tropinone by the 
method described above. The small quantity of the crystalline 
hydrochloride was collected, treated with a little aqueous ammonia, 
and the base crystallised from ethyl acetate. The yellow needles 
melted at 214°, and at the same temperature when mixed with a 
specimen of dipiperonylidenetropinone. The colour reactions of 
the two specimens in concentrated sulphuric acid were identical. 


Synthesis of Tropinone from Snccindmlde.hyde , Methylmmne } 
and Ethyl A cetonedicarl)oxylnte. 

a-Succindialdehyde (1 gram) and ethyl acetonedicarboxylat© 
(2*5 grams) were dissolved in alcohol (20 c.c.), and, after cooling 
in ice-water, a solution of methyiamine (0*5 gram) in alcohol (It) 
c.c.) was gradually added during an hour. After remaining over¬ 
night at the ordinary temperature, the alcohol was removed by 
distillation in a vacuum, and the residue boiled with dilute 
sulphuric acid for half an hour and then evaporated in a high 
vacuum to' small bulk. Potassium hydroxide was then added in 
excess, and the mixture distilled in a current of'steam. The 
distillate was exactly neutralised with hydrochloric acid, concen¬ 
trated, and the tropinone contained was identified as-in the former 
example by conversion into the dipiperonylidene derivative, as 
described above. ' In this case also the identity of the synthetical 
product was, established by the method of mixed melting points. 
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Synthesis of Tropin-one from Sued a dialdehyde , Heihylamine , 
Calcium Acetonedicarh oxidate in Aqueous Solution. 

Succinclialcloxime (3*5 grams) was converted into dialdehyde in 
tlie usual manner, and after the neutralisation with chalk the 
solution was mad© up to 40 c.c. and mixed with acefconedicarb- 
oxylic acid (4 grams) dissolved in water (20 c.c.) and neutralised 
by tli© addition of calcium carbonate. Methylamine (from 
8 grams of the hydrochloride) in water (10 c.c.) was then gradu¬ 
ally added, and the whole allowed to remain at the ordinary 
temperature during fifty hoars. The liquid was filtered, acidified 
with hydrochloric acid, and concentrated in a vacuum, using a 
large flask on account of excessive frothing. The residue was 
then rendered alkaline with sodium hydroxide and distilled in a 
current of steam, until the distillate was neutral to litmus. This 
solution was then acidified with hydrochloric acid, concentrated 
in a vacuum, and, after the addition of sodium hydroxide, 
repeatedly extracted with ether. The combined ethereal extracts 
were dried over potassium hydroxide, somewhat rapidly in order 
to avoid the formation ox salts, and the solvent removed by dis¬ 
junction. The residue gradually crystallised, oily impurities were 
removed by contact with porous porcelain, and the substance was 
recrystallised from light petroleum (b. p. 50—60°). Long, 
flattened, pointed, colourless needles were obtained melting at 42°, 
and at the same temperature when mixed with an equal quantity 
of tropinone which had been obtained by the oxidation of tropine. 

In every respect the two specimens were identical. For further 
comparison the picrate was prepared. It crystallised from water 
in canary-yellow needles melting and decomposing at 218—220° 
alone or when mixed with tropinone picrate, which had in this 
case been obtained by the oxidation of ecgonine. 

The oil separated from the crystalline base was recovered from 
the plat© by extraction with ether, and after removal of the 
solvent, piperonal, alcohol, and potassium hydroxide- were added 
and the mixture heated during five minutes on the steam-bath. 

' The precipitate obtained on the addition of water was collected, 
washed with alcohol, and then crystallised from ethyl acetate, 
Bipiperonylidenetropinone melting at 214° was thus isolated. 

In' the above experiment there is some uncertainty as to the, 
amount of succindialdehyde started from, since the author, no 
doubt through lack of practice, has never been able to obtain the 
high yield claimed by Harries of from 70 to 80 per cent. In 
order, therefore, to gain some idea of the yield of tropinone from 
succindialdehyde, the following experiment was mad©, but, the 
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conditions of the synthesis are still under investigation, and it is 
hoped that even "better results may ultimately be obtained. 

A solution of succindialdehyde containing inorganic salts was 
first prepared in the usual way and then distilled in a current of 
steam. The distillate was concentrated in a high vacuum until, 
as it later appeared, about a 10 per cent, aqueous solution was 
obtained. Ten c.c. of this solution were diluted with water, and 
the dialdehycle was converted into the diphenylhydrazone, as 
described by Harries (Ber., 1902, 35, 1188). The solution con¬ 
tained G'96 gram of succinalclehyde. Twenty-five c.c. (containing 
2*42 grams of the diaidehyde) were mixed with a solution of 
acetonedicarboxylic acid (6 grams) in water (75 c.c.) to which a 
sufficient excess of precipitated calcium carbonate had been added, 
and after cooling in ice-water, methyl amine (3 grams) in water 
(10 c.c.) was gradually introduced. The reaction was allowed 
three days for completion, and the liquid was then acidified to 
Congo paper with hydrochloric acid and concentrated in a high 
vacuum. The residue was dissolved in alcohol and the tropinone 
converted into dipiperonylidene derivative in the usual manner. 
The product was collected, well washed with water and a little 
alcohol, and dried at 100°. It weighed 4T grains and was free 
from inorganic impurities. The substance was identified as 
dipiperonylidenetropinone, and the above data show that the yield 
of tropinone from succindialdehyde in this experiment -was 42 per 
cent, of that theoretically possible. 

The possibility that tropinone might result from the condensa¬ 
tion of succindialdehyde or a derivative with acetone or a deriv¬ 
ative and methylamine or by the addition of methyl amine to a 
<-?/ c l o hep t a die n on e occurred simultaneously to Professor A. Lap- 
worth and the author, and a joint research was contemplated, but 
Dr. Lap worth’s preoccupation with more urgent investigations did 
not allow him to undertake this fresh experimental work. 

“University of Liverpool. [Received, July 13th, 1917.] 
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LXIV.— The Pungent Principles of Ginger . Part 1 . 
A New Ketone , Zingerone {k-Hydroxy-o-methoxy- 
phenylethyl Methyl Ketone) occurring in Ginger . 


By Hiroshi Nomura. 

Thresh assigned the name “ gingerolto the pungent principle of 
ginger, and Garnett and Grier ( Pharm . *7., 1907, [iv], 25, 118) 
claimed to have isolated it. However, no account of an investiga¬ 
tion of its composition and constitution is to be found in the 
literature, and the present work was undertaken to determine the 
constitution of the pungent principle. 

The new ketone, to which the name “ zingerone 55 is assigned, 
was obtained by extracting ginger with ether, followed by 
the treatment described on p. 770, and was proved to have 
the formula CjjH^Og. It yields monobenzoyl and monoacetyl 
derivatives, and the existence of one methoxyl group in it 
was proved. The methyl derivative, C 12 H 16 0 3 , is readily converted 
into its oxime, 0 12 H 17 0 3 N, by hydroxylamine, which points to the 
presence of one carbonyl group. When the methyl derivative is 
oxidised with potassium permanganate in alkaline solution, veratric 
acid is obtained, and therefore the new ketone must be a 1:3:4- 
derivative of benzene. 

Since sodium hydrogen sulphite combines with the new ketone 
and with its methyl derivative and the latter is oxidisable with diffi¬ 
culty by an ammoniacal solution of silver nitrate, the group, 
COCH 3 , appears to exist in both compounds. If this is the case, 
the constitutional formula of the methyl derivative must he either 
(I) or (II), and the constitution of the original ketone must be 

_OMe _OMe 

COMe-CH.j'CHjb )>OMe COMe-CHMe/ )>OMe 

(I.) (II.) 

(Ill), (IV), (V), or (VI), according as the methyl derivative has 
the constitution (I) or (II) respectively. In order to decide between 


COMe*CH 2 -CH a <^ ^>OH 

(HI.) ~~ 

jOMe 

COMe-CHMe/ boH 


COMe-CH,-CH 2 . 


OH 

/~\r 


COMe-CHMe/ )>OMe 
(VI./” 


these, the following two methods may be used. 


■* o 
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I. The constitution of the methyl derivative may be determined 
by examining its products of oxidation by sodium hypobromifce or 
hypochlorite. If the constitutional formula of the methyl deriv¬ 
ative is once determined, that of the original ketone could be 
determined by the introduction of the ethyl group and subsequent 
oxidation. 

II. If the constitution of the methyl derivative is (I), it could 
be synthesised by the reduction of the condensation product of 
vanillin and acetone, and subsequent methylation according to the 
following scheme: 

C 6 Hg(OH)(. >Me)-CHO —-> C rt H 3 (OH)(OMe)*CH:CH-OOMe 2%. 


C 0 H g (GI]) (OMe) • CH 2 *CH 2 * COMe 


C 8 H 2 (OMe) 2 -OH S! *OH 2 -COMe. 


According as the intermediate product in this synthesis agrees 
with the new ketone or not, the constitution of the latter must be 
either (III) or one of (XV), (V), and (VI). In'the latter case, if 
the methyl derivative is identical with the above synthetical 3:4-di- 
metlioxyphenylethyl methyl ketone, the constitution of the new 
ketone should be (IV). If this experiment fails to yield the methyl 
derivative, the constitutional formula of the latter is necessarily 
(II), and that of the new ketone can be determined by the oxida¬ 
tion of its ethyl derivative. 

Since the yield of the ketone from ginger is poor, the second 
method is preferable to the first. Fortunately, by the- reduction of 
the condensation product of vanillin and acetone, a substance 
identical with the new ketone was obtained. Its identity was 
further proved by comparing its benzoyl derivative and the oxime 
of its methyl ether with the corresponding derivatives of the natur¬ 
ally occurring ketone. 

The constitution of the new ketone was, moreover, confirmed by 
the first method, namely, by the production, from the methyl deriv¬ 
ative, of bromoform and j6-3:4-dimethoxypheiiylpropioiiic acid by 
oxidation with sodium hypobromite, and by the formation, from 
the ethyl derivative, of ethylvanillic acid by means of potassium 
permanganate in alkaline solution. There is no doubt, therefore, 
that the constitution of the new ketone is (III). The investigation 
of the other pungent principle and the synthesis of the substances 
analogous to the new ketone are now in progress. 


Experimental. 

Dry powdered ginger (367 kilos.) was extracted with ether in 
the cold and the ethereal extract evaporated to a syrupy consist¬ 
ency. , The syrup was dissolved in a small quantity of ether and 
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shaken with 2 per cent, sodium hydroxide for three hours. The 
quantity of sodium hydroxide solution required for the -extraction 
of the pungent principles from the syrup was determined by a pre¬ 
liminary experiment, 500 c.e. of 2 per cent, sodium hydroxide being 
necessary for 100 grams of the syrup. The pungent principles in 
the alkaline solution were deposited by means of carbon dioxide 
free from hydrochloric acid and extracted with ether. The ethereal 
solution was washed with 2iV-soc!ium carbonate solution to remove 
any acid, and then with water until the alkaline reaction disap¬ 
peared, dried over anhydrous sodium sulphate, and evaporated. 
The yield of residual oil was about 1 per cent, of the original ginger. 
It was distilled under 0*5—1 mm. pressure until the temperature 
of the oil-bath reached 320°, after the previous, distillation of vola¬ 
tile substance under 13—23 nun. pressure. The whole of the dis¬ 
tillate was diluted with ether and shaken with an excess of a con¬ 
centrated solution of sodium hydrogen sulphite, whereby the bisul¬ 
phite compound of the now ketone separated. This was collected, 
washed with ether until the washing was colourless, and decomposed 
with a concentrated solution of sodium carbonate. The oil was 
extracted with ether, the ethereal solution washed several times 
with water, dried over anhydrous sodium sulphate, and evaporated. 
The yield of oil thus obtained was 0*04 per cent, of the original 
material. On cooling and continuous agitation with a minute 
quantity of the solid ketone, the oil solidified to a somewhat brown 
mass, which melted at 40—41° after recrystallisation from light 
petroleum (b. p. 50—70°) or a mixture of ether and light petroleum. 
The colourless crystals thus purified gave the following results on 
analysis: 

0*0944 gave 0*2350 CO s and 0*0629 H s O. C = 67*89; 11 = 7*45. 

0*0900 „ 0*2243 COo „ 0*0600 TLfi. 0 = 67*97; 11 = 7*46. 
0*2559 „ 0*2812 AgL Me = 7*03. 

0*1615 in 19*64 benzene gave At = —0*217°. M.W. = 189. 

OhHjA requires 0= 68*00; 11 = 7*27; IMe=7*74 per cent. 
M.W. = 194. 

Zingerone gives a red coloration with MiiloiTs reagent, dis¬ 
solves to a green-coloured solution with alcoholic ferric chloride, 
and reduces ammoniacal silver nitrate solution on warming. There 
is no visible decomposition on shaking the ketone with 2 per cent, 
sodium hydroxide for several hours. 

The phenylhydrazone and semicarbazone were not obtained in 
the pure state, owing to the instability of the compounds and the 
small quantities of ketone used for the preparation. 

Benzoyl Derivative ,—Half a gram of zingerone dissolved in 
30 c.c. of 5 per cent, sodium hydroxide solution was shaken with 
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3 e.e. of benzoyl chloride for two hours; the precipitate was 
collected and washed with water. After being dried in the desic¬ 
cator, the substance was twice recrystallised from absolute alcohol 
with the addition of animal charcoal, when it separated in colour¬ 
less crystals melting at 126—127°. The yield was 0*35 gram after 
one crystallisation: 

0-1058 gave 0*2803 C0 2 and 0'0590 TLA C-72*25; H=6*24. 
€?i 8 TTi 8 0 4 requires 0 = 72*45; H = 6‘08 per cent 

Acetyl Derivative. —Seven grams of /angerone were boiled for 
on© hour under a reflux condenser with 7 grams of fused sodium 
acetate and 25 grams of acetic anhydride. After the removal of 
the excess of acetic anhydride under diminished pressure, the pro¬ 
duct was extracted with ether and the ethereal solution washed 
with a dilute solution of sodium carbonate and then with water 
until it became free from alkali. The dried ethereal solution was 
evaporated and the residual oil purified by distillation under 
diminished pressure. During the first distillation, almost the whole 
quantity distilled at 202—206°/14 mm., the main portion distill¬ 
ing at 204—206°. The yield was 7*1 grams. On repeating the 
operation, the substance boiled constantly at 204—205° under the 
same pressure: 

0*1787 gave 0*4317 C0 2 and 0*1107 TLA 0 = 65*89; IT = 6*93. 
0 1S H 16 0 4 requires 0 = 66*07; 11=6*8.3 per cent. 

On allowing it to remain for a few days, the oil solidified and 
melted at 40—42°, the melting point of the original ketone. It 
differs, however, from the latter in that the crystals give no colora¬ 
tion with ferric chloride iu alcoholic solution and liquefy when 
mixed with the ketone. It is sparingly soluble in light petroleum, 
but readily so in alcohol or benzene. The result of the oxidation 
of this acetyl derivative with potassium permanganate in the 
presence of magnesium sulpha,te was unsatisfactory. 

Methyhwyerone *—The ketone (5*7 grams) was dissolved in 
30 c.c. of 5 per cent, sodium hydroxide solution and shaken wit h 
3*5 c.c, of methyl sulphate for half an hour. After removing the 
unchanged ketone by shaking with 5 c.c, of 10 per cent, sodium 
hydroxide solution, the product was extracted with ether, the 
ethereal solution washed several times with water, and shaken with 
a concentrated solution of sodium hydrogen sulphite. The 

* When the determination of the constitution of the ketone was complete 
and that of the other pungent principle in progress, the compounds which 
correspond with the methyl derivative and its oxime wore synthesised by 
Kaufmann and Baclosevi6 (Ber., 1910, 49, 675). The description of the 
melting points of these compounds is in agreement with those of tho above 
1 - methyl derivative and its oxime respectively. 
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"bisulphite compound was collected, washed with oilier, decomposed 
wii.li sodium carbonate, and the product; extracted with ether. 
The ethereal solution was washed with water, dried over anhydrous 
sodium sulphate, and evaporated. The residual oil was then dis¬ 
tilled under diminished pressure, when almost the whole quantity 
passed over at 1SS—189°/17*5 mm. The yield was 2*8 grains. On 
repeating the distillation, a colourless oil boiling at 1 86°/16 non. 
was obtained: 

01258 gave 0*3106 CO., and 0*0885 H 2 0. O-68*64; II = 7*87. 

OisHkA requires 0 = 69*19; 11 = 7*75 per cent. 

After several months, the oil partly solidified. On stirring with 
a glass rod, the whole solidified with the evolution of heat, and 
melted at. 55—56°. The compound was oxidised with difficulty 
by an ammoniacal solution of silver nitrate. 

M(ifJi'ylsiii(/woneoa;iniC'—A mixture of methylzingorone (1. 
gram), hydroxylamine hydrochloride (0*35 grand, and sodium 
acetate (0*7 gram) was dissolved in dilute alcohol and boiled 
for two hours under a reflux, condenser. In order to isolate 
the product, the alcohol was removed by gentle evaporation, the 
oily oxime, which, however, readily solidified, collected, washed 
with water, and dried. The yield was 1 gram. The crystals were 
several times recrysta.ilused from dilute methyl alcohol with the 
addition of animal charcoal, when they separated in colourless 
needle® melting at 93—93*5°: 

01395 gave 8*04 c.e. K, at, 22° and 754*5 mm. N=6*<15. 

C 12 TT 17 0;jTST requires N = 6*28 per cent. 

7*11Jit/hiwt/fTone ,—Seven grams of xingerono and 21. grams of 
potassium hydroxide wore dissolved in warm methyl alcohol, and 
the residue left on the evaporation of the methyl alcohol was heated 
for three hours under a reflux condenser with 30 c.o. of absolute 
alcohol and 20 grams of ethyl iodide. The alcohol and the excess 
of ethyl iodide were removed, when, a brown mass separated, which, 
was, ■washed with 2 per cent, sodium hydroxide to remove the un¬ 
changed ketone, and then with water until it became neutral. 
The mass was now crystallised from dilute alcohol and then from 
light petroleum (b. p. below 60°) with the addition of animal char¬ 
coal. The yield, was 6 grams after one crystallisation from dilute 
alcohol. The crystals thus purified were colourless and gave the 
following results on analysis: 

0*1523 gave 0*3926 C0 2 and 0*1160 TL>0. 0=70*30; H = 8*52. 
C :18 H;i 8 0 8 requires 0 = 70*23; H = 8T6 per cent. 

The compound melts at 66°* and is soluble in ether or methyl 
or ethyl alcohol, but insoluble in water. , 
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The compound (2*3 grams; 1 mol.) and 100 e.e„ of TT-sodium 
carbonate solution were heated under a rcilux condenser, n ml 
390 e.c. of a 3 per cent, solution of potassium pormnjiganal o (corre¬ 
sponding with 5 3nols. of oxygen) wore slowly run In. Tim boiling 
was continued until fcho colour of tiro permanganate disappeared, 
and tli.e product was cooled and filtered from the precipitated 
manganese dioxide. The lilt-rale raid washings of the manganese 
dioxide were treated with other to remove any unchanged methyl' 
zingerone, evaporated to a small bulk, and acidified with Itydrev- 
chloric acid, when a yellow acid (1*8 grams) separated, which after 
recrystallisation from water with the addition of animal charcoal 
and drying at 100—110° melted at 180—181°. The acid prepared 
by the above method was colourless (Found, C — 59*13; IIV5*82. 
OqTIj 0 O,{ requires 0 = 59*31; II =-5*53 per cent.), and the inciting 
point was not changed by admixture with veratrie acid. 

Oxidation of Bthi/Jzinger one with Vadium IJ tjpoehlorite. 

Tills oxidation 'was carried out- in an exactly similar manner io 
that employed in the oxidation of the methyl derivative. The 
acid obtained melted at 195—196° (Found, 0 = 61*39; lib -6*3,1. 
C 10 HiA requires 0 = 61*20; 11 = 6*17 per cent.) and did not 
depress the melting point of ethylvanillie acid.. 

Oxidation of Miithyhmgerone with Vadium If gpwldnrite. 

Two grams of the substance were suspended in an excess of an 
alkaline solution of sodium hypochlorite and warmed on tlm water'" 
hath until a. dear solution was obtained and no chloroform evolved. 
Th& solution was rapidly cooled, acidified with sulphurous acid, 
evaporated to a small hulk, and extracted with other. The ethereal 
solution was dried over anhydrous sodium sulphate, evaporated, 
and the residue was roerys tallised from water, from which two 
different acids were obtained. 

Idle one melted at 180—181° after drying at 100.-HO 0 , and this 
melting point was not depressed by admixture with veratrie acid. 
The other melted at 95—99°, but it could not be- purified owing to 
lack of substance. It is, however, probable- that the substance is 
£-3 :4-dim ethoxy plienylpropionic add (ra. p, 98—99°). 

Oxidation of Methylzingerone with Sodium HypolmmUtc. 

The compound (3*1 grams) was shaken for two hours with an 
alkaline solution of sodium hypobromite, which was prepared by cUs, 
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solving 2*3 c.c. of bromine, in ice-cooled sodium hydroxide solution 
(G grams in 100 c.c, of water), when the- reaction of the hypobromit© 
vanished. Tho product was then extracted v/itii ether, and the 
ethereal solution (./!.) and the alkaline- solution (/i) were treated in 
tho following way. 

(4) The ethereal solution was washed with water until it became 
free from alkali, and the greater part of the ether evaporated. 
The residual solution was freed from any unchanged mothylzin- 
geron© by shaking with a concentrated solution of sodium hydrogen 
sulphite, washed with sodium carbonate solution, and then with 
water until free from alkali. The ethereal solution thus purified 
was dried over anhydrous sodium sulphate and evaporated. The 
residual oil (2*1 grams) on distillation gave 0*8 gram of oil boiling 
fit 147—148° and possessing the characteristic odour of bromoform. 

(.Zb) After evaporating to a small bulk, the aqueous solution 
was acidified with hydrochloric acid, extracted with ether, washed 
several times with a saturated solution, of sodium chloride, and 
dried over anhydrous sodium sulphate. On distilling* off the ether 
from the ethereal solution, 2*6 grams of a yellow syrup were 
obtained, which did not solidify on keeping for a few days, The 
syrup was now dissolved in a small quantity of 2iV~sodium 
carbonate solution, the solution digested with animal charcoal, 
filtered, and acidified with hydrochloric acid, when a yellow oil 
separated which on keeping overnight partly solidified to crystals. 
Tho crystals were collected, freed from the last traces of oil by 
draining on a porous tile, and recrystallised from water with the 
addition of animal charcoal. The crystals thus purified melted at 

98.419° after being dried over sulphuric acid in the desiccator, and 

were proved to have tho constitution of $-3 ilrilimcthoxyphenyh 
propionic acid by the mixed melting-point method. Tho yield of 
tho impure crystals was 0*55 gram. 


%?//// mr/x of Ziuf/crone (4 Hy<lrou'-th?*-!netluevyphenyUxhyl Methyl 
Ketone), Oily (KM T !>0Hy ( Vl.F a (0'M e> 01!. * 

, The intermediate compound in this synthesis, namely, 4-hydroxy- 
3-methoxystyryl‘ methyl ketone, OH^CO*OH:aH-C c H«(OM©)-OH, 
has been described by Francesconi and Cusmano (Gaz&etta, 1908, 
38, ii, 70), who-, however, give no details of its preparation. It 
was therefore synthesised in tho following way. 

Seventy c.c. of 10 per cent, sodium hydroxide solution were 
added, to a solution of 25 grams of vanillin in 100 c.c. of acetone, 
and after being allowed to remain for four days, the solution was 
acidified, with, dilute hydrochloric acid, when a yellow precipitate 
was obtained. The precipitate was collected, washed with water 
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until free from chloride, and crystallised from dilute alcohol, from 

which It separated in yellow crystals molting at .1.28.129°. The 

yield was 28 grams after one crystallisation. 

Six grams of this compound were suspended in 100 cm, of 
absolute ether and reduced for nine hours by means of 
hydrogen in the presence of platinum black. The hydrogen 
absorbed was about 800 c.c. (at 23 — 24:° and 752—754 mm,)., 
After filtering of the platinum black, the filtrate and ethereal 
washings were evaporated, and the residual, oil on distillation 
boiled constantly at 187—188°/14 mm. The yield was 4/8 grams. 
The oil was twice recrystalllsed from a mixture of oilier and light 
petroleum (b. p. below 60°). The crystals thus obtained melted 
at 40—41°; 

0*1629 gave 0*4058 OCX, and 0*1090 ELO, C = 67*94; 11-7*49. 
0*1244 „ 0-3113 COg „ 0*0850 HgO. 0 = 68*25; Hw7-<kL. 

C„H 14 0 8 requires 0=68*00; H = 7*27 per cent. 

The substance sustained no lowering of the melting point by 
mixing with the naturally occurring ketone. The benzoyl deriv¬ 
ative and the oxime of the methyl ether melted respectively at 
126—127° and 93—93*5°, and those melting points were not altered 
when the respective compounds were mixed with the correspond¬ 
ing derivative of the naturally occurring ketone. 

The isolation of zingerone was made for the first time in 
the laboratory of the Agricultural College, Tokyo Imperial Uni¬ 
versity, under Professor Umotaro Suzuki, and after my coming 
to the Science College, Tohoku Imperial University, the work was 
resumed under the guidance of Professor Itiko Majima. Sim*/ 
then, the separation of the ketone has been olTceiod more om.miI; 
and its constitution studied with satisfactory .results. The an tin; 
wishes to express his hearty thanks to the professors for their ki.ru 
suggestions. 

AauiOTOruBAi. College, Imperial University of 
Tokyo, and Science College, 

Imperial University of Sendai. 

[Received, March 26/ h, 1017. j 
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LXV. —The Pungent Principle of Ginger . Part 

I* The Chemical Characters and Decomposition 
Products of Thresh 7 s (i GingerolT 

By Arthur Lapwortii, (Mrs.) Leonore Kletz Pearson, and 

Frank Albert Boyle. 

The pungent principles of ginger, the rhizome of Zing II er officinale , 
were studied by Thresh (“ Year-Book of Pharmacy,” 1879, 426; 
1884, 616; Pharm , J., 1882, [iii], 12, 721). The pungency was 
attributed to an active principle, “ gingerol A an inodorous sub¬ 
stance having the general characters of the class of compounds now 
known as “ oleo-resins,” which he isolated by means of a somewhat 
complicated fractionation of the alcoholic extract of the drug. He 
attributed to it the approximate formula .r0 r Jh ; O ? and found that 
on oxidation with chrdhiic acid it yielded “apparently ” acetic and 
caproic acids (“Year-Book of Pharmacy,” 188:1, 520), together with 
a volatile oil. Thresh seems to have abandoned the work at an 
early stage. 

Garnett and Grier (Pharm. A, 1907, fiv], 25, 1.18; “ Year Book of 
Pharmacy,” 1909, 344; compare also ihifh y 1907, 443) re-examined 
the pungent oleo-resin, gingerol, and simplified and improved the 
method of isolation and. purification used by Thresh. They frac¬ 
tionated the crude mixture of oleo-resins with the aid of petroleum, 
and ultimately obtained a “ dear, viscous oil, of a pale straw 
colour, distilling within a range of 235° 0. to 250° 0.,” the 
pressure referred to being 18 mm. They add; “It could not 
be assumed, without further proof, that this body” (that is, 
the distillate)' “was not cither a product of destructive dis¬ 
tillation, or that it was not contaminated with such products”; 
they showed, however, that the distillate had. tho pungency and 
many other characteristics of tlio original gingerol. In tho course 
of their experiments they noted that gingerol was possessed of 
phenolic characters, gave a green colour in alcoholic solution with 
ferric chloride, a precipitate with bromine, and that the solution 
in alkalis, especially when warm., undergoes a change which results 
in a loss of the pungent character in the dissolved oil. Tho latter 
observation was made use of in devising' a simple means of distin¬ 
guishing between extracts of ginger and of capsicum respectively, 
as the latter is not affected in pungency by alkalis and is often 
used to adulterate or fraudulently to replace the former. 

The present authors were invited by Messrs. Garnett and Grier 
to continue the work on gingerol, and carried out the experiments 
described in this paper- with, a large sample of an alcoholic extract 
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ginger, tlie most pungent variety on the market. This 
kindly made for them by James Woolley and Sons, 


Method Used in iHolaiimj Giin/crol. 

The residue from the alcoholic extract was treated repeatedly 
with aqueous alcohol of 35 per cent, strength, which is considerably 
weaker than was used by Thresh or by Garnett and Grier; it was 
found that this dissolved the inactive resins .much less freely and 
gave a more rapid separation. Alcohol was removed. From the dear 
extract by evaporation in a vacuum at the lowest possible tempera¬ 
ture, the oil which separated being freed from as much water as 
possible and re-extracted with alcohol of about 50 per cent, 
strength. Milk of lime was then added, as suggested by Thresh, 
until only a very slight deposition of calcium compounds took place, 
when the whole was allowed to settle, and the (dear liquid made 
neutral to litmus by addition of dilute hydrochloric acid, and again 
freed from alcohol by distillation under diminished pressure. The 
resulting oil was separated from the bulk of water by decantation, 
dissolved in a solvent, such as chloroform, which was subsequently 
dried, and removed by evaporation. The dry crude gin garni was 
then extracted fractionally with hot petroleum, and those portions 
retained which dissolved freely in the hot petroleum, but wore 
re-deposited on cooling. Alter removing all traces of petroleum, 
the “ refined, gingerol ” was obtained, as a viscous, faintly yellow 
oil, entirely soluble in dilute aqueous alkali, and. generally "having 
all tli© properties assigned to the material by Garnett and Grier, 

Many various methods were tried for the further purification 
of the refined gingerol, but oven, the best wimples obtained were 
almost certainly not homogeneous materials, and could be frac¬ 
tionated by means of light petroleum into portions having some¬ 
what different solubilities. As many of the less soluble fractions 
of the oils shared the characters of the most soluble portion, it 
was suspected that gingerol either tends to polymerise or to 
decompose into simpler products, such as those mentioned later, 
with subsequent, recombination of these to products more complex 
than gingerol proper. 

The most highly purified samples obtained were, distilled in a 
cathode-ray vacuum; they passed over almost completely when the 
temperature of the bath was 135—140°, and the distillate was in 
such cases a clean:, faintly yellow oil. Even under these conditions 
there was evidence of slight decomposition (odour of fatty .alde¬ 
hydes) and only traces of camphoraceous solid separated from the 
oil after many months. 
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Messrs. (fiivndri- ami Cl tier <li reeled the cyithork attention, at 
the commencement of the work, to the fact that some samples of 
gingerol give a cr 3 rstalli.no product when they are shaken with a 
solution of sodium hydrogen sulphite; the present authors found 
that the.' most highly purified, samples do not give any suck product, 
hut do so after they 'have been distilled or otherwise somewhat 
strongly heated, or treated with dilute alkalis under certain con¬ 
ditions. 

Analysis of the best samples of giugerol obtained gave: 

0 — 71*4; 11 = 9*2; 0 = 71*6; II = 9*4. 

C 17 H 2 (! 0 4 requires 0 = 69*4; H = 8‘8 per cent. 

C 1 s IL 8 0 4 „ 0 = 70*1; H = 9*1 „ „ 

Thresh found: 0 = 71*27, 71*39, 71*43, and 11 = 9*61, 9*82, 9*52. 

Determination of methoxyl in gingerol: 

Found: Me = 7*3, 7*7, IM'eO in 0 17 1L U 0 4 requires Met) = 10*5; 
in 0 1 H El, iS 0. t MeO —10*05 per cent. (This, for reasons which 
appear later, would indicate a purity of only about 75 per cent.) 


Ollier Pro per lien of (jinijerolP 

The presence of one hydroxyl group at least is indicated by the 
phenolic character of gingerol. The alkaline solution when treated 
with benzoyl chloride, benzenesulphonyl chloride, and similar com- 
pounds or with chloroforniic esters, deposited neutral, lion-pungent 
oils, which, did not show any signs of assuming crystalline form. 
The oil yielded no crystalline oxime or semioarbayxm<q although 
there was some evidence that a nitrogenous compound was formed 
on treating it with hydroxylamino. Slight heat was evolved on 
mixing phenylhydrazine with gingerol; but neither with that'sub¬ 
stance nor with substituted phenylliydrayines, benzyl- or naphthyl- 
hydrazines did gingerol give any crystalline derivatives. 

The solo derivative of gingerol which ;w*as obtained in definitely 
crystalline form was its monomethyl derivative. As this was easily 
purified, whilst the purity of gingerol could not be guaranteed, all 
conclusions as to the true composition and constitution of a gin¬ 
gerol ” have been based on an examination of {( inefchylgingeroL” 

Preparation and Properties of “ McthylgingcrolJ* 

Refined gingerol is dissolved in inethyl alcohol and treated with 
methyl sulphate and potassium hydroxide successively. ' From the 
product, ether Extracts a neutral oil which deposits crystals, and 
these can be drained and recrystallised from light, petroleum. 

15 grams of methylgingerol melting at 64° can be obtained 
fy a n 24 grams' of the best gingerol which the authors have pre- 
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pared; tills is again indicative of the mixed characters of 
gi rigor oh 

Analyses of different samples of metliylgingerol gave fclio follow¬ 
ing results: 

C«70-21, 70*44, 70*17, 70*15, 70*05, 70*2. 

11 = 8*64, 9*08, 8*92, 9*46, 9*19, 9*0. 

MeO = 22'6, 19*8, 19*8. 

Qualitative tests and analysis by the Dumas method, showed that 
no' nitrogen was present: 

C 1S IL S 0 4 requires 0 = 70*1; 11 = 9*2; 2MoO —20*1 per cent, 
0 19 1I« 8 0 4 „ 0 = 71*2; 11 = 8*75; 2MeC) = 20*0 „ „ 

C 30 lI, 0 O 4 „ 0 = 70*75; II = 9*4; 2MeO = 19*9 „ „ 

The molecular weight of “ metliylgingerol” was determined by 
the cryoscopic method in benzene. The numbers obtained were 
271, 309, 308, 316, 323, 323, the numbers required for 0 18 II 2H 0 4 and 
C, 3 II 30 O 4 being 308 and 322 respectively. 

<f Metliylgingerolcrystallises in slender needles melting at 64°. 
It is insoluble in cold alkalis or acids, but is altered by these if hot 
(compare later). It is also slowly decomposed when it is heated 
above 150°, and rapidly near its boiling point—the odour of fatty 
aldehydes becoming perceptible. 

It is optically active in 2 per cent, solution in chloroform, Tiaving 

[a]B + 27-3°. 


Ketonic Properties of “ Methyl ginger olP 

Metliylgingerol appears to be attacked slowly by phonylhydr- 
azino, etc., but the products were not obtained in a crystalline form. 
When it is warmed in alcoholic solution with hydroxy I airiinc hydro* 
chloride and sodium acetate, however, it gives a crystalline deriv¬ 
ative which was obtained in slender needles from light petroleum. 

Found: C = 64*9, 64 0, 64*1, 64:5; 11 = 9*1, 9*4, 9*0, 9*2; N = 4:3. 

C 18 H2 9 0 4 N,H,0 requires C = 63*3; 11 = 9*1; N = 4*1 per cent. 

Ci 9 H 3 i0 4 N,H 2 G „ C = 64*2; H=9*3; N = 3*9 „ „ 

The analyses indicate that the substance is methylgingerol oxime, 
hydrate . When heated at 110—115° for four hours it lost 4*09 per 
cent, in weight, whilst the theoretical loss for 1H 2 0 is about 5*1. 
The treatment was not pressed, as there were signs of more profound 
decomposition. 

The oxime dissolves in cold hydrochloric acid and is reprecipi¬ 
tated by alkali. When it is hydrolysed by acids it is reconverted 
into metliylgingerol and hydroxylamine, the former, after recrystal¬ 
lisation, being unchanged in melting point* When this oxiTn<**> - 
subjected to Piloty's test for ketoximes, it gives a definite posh 
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reaction, a yellowish-green coloration being obtained in the ethereal 
layer. The whole of the phenomena observed during the various 
stages of the test are not to be distinguished from those observed 
when the related methylzingero.neoxim© (p. 780) is 'treated in the 
sain© way. 

Methylghigerol is at once attacked by chromic acid, giving a black 
compound (chromate?), much as many alcohols (for example, men¬ 
thol)' do. It is instantly attacked by phosphorus pentachloride or 
thienyl chloride and hydrogen chloride is evolved. A cold solution 
of methylgingerol in chloroform does not at once discharge the 
colour of bromine in the same solvent, but an action takes place 
only on heating, when hydrogen bromide is evolved. Pure me thy 1- 
gingerol is also stable towards cold permanganate in acetone solu¬ 
tion; even after long heating with excess of this reagent, the bulk of 
the compound is recovered unchanged, and. this fact may be utilised 
to purify the crude substance from more easily oxidiaablo materials. 
Prolonged action of hot aqueous permanganate destroys methyl- 
gingerol, fatty acids, veratric acid, and carbon dioxide being formed. 
It is not reduced in the cold by sodium amalgam or by hydrogen 
in the presence of colloidal platinum or palladium. 

Tests for the Hydroxyl Group in MethylyingcroL 

In order to ascertain whether methylgingerol contained free 
hydroxyl, the compound, in amyl ether, was treated with mag¬ 
nesium methyl iodide in the same solvent in an apparatus similar 
to that used by Sudborough for the determination of hydroxyl by 
this method. On mixing the two solutions, a white precipitate of 
an additive compound was instantly formed, but no trace of 
methane or other permanent gas was detected, oven when excess of 
magnesium, methyl iodide was used and the temperature was raised 
nearly to 100°, The experiment was repeated several times and 
always gave the same result. On the other hand, methylgingerol is 
quickly attacked by cold acetyl chloride, thienyl chloride, or phos¬ 
phorus chlorides, and hydrogen chloride is evolved; this change 
takes place rapidly on heating. Again, when methylgingerol is 
sealed up in a tube with rather less than one molecular proportion 
of pheiiylcarbamide, it does not at first dissolve in it, but after 
some weeks in the cold the solid disappears and a clear, viscid liquid 
is formed in which the odour of phenylcarbamid© cannot be 
detected. No crystalline derivatives were isolated in either in¬ 
stance, but the observations, more especially the last on©, are very 
difficult to explain, except on the* assumption that methylgingerol 
contains a free hydroxyl group, and the same' remark applies to its 
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behaviour with chromic, acid. The failure- of the substance tn give 
methane witill maguesiurn .methyl .iodide is possibly rim.* to I.lie. 
insolubility of the additive product which the reagent seems to 
form by uniting with the compound, at the kotonic carbonyl group. 

- Oxidation of Gingerol with Chromic Acid. Formation of 
n-Heptoic and (probably) n-JIexoic A. aid. 

Thresh oxidised gingerol with chromic acid and obtained what he 
considered to be, probably, acetic and caproie (Itexoic) acids, together 
with a volatile oil (loo. oil 1884, 580). The present authors dis¬ 
solved about 50 grams of refined gingerol in warm noetic acid of 
about 90 per cent, strength, and added solid, chromic acid 
in small quantities at a time until further addition caused no 
immediate effervescence. The liquid "was then subjected to distilla¬ 
tion in a current of steam, the latter portions of the distillate being 
collected, extracted with ether, arid the latter evaporated. The 
residue was rendered alkaline-, with sodium hydroxide and once more 
treated with a current of steam, when a small quantity of a neutral 
oil, probably identical with that mentioned by Thresh, passer! ov* r.. 
This oil was not examined more closely, but the alkaline residues iu 
the flask were acidified, extracted with ether, and the la I,.ter dried 
and fractionated. After some water and acetic acid had distilled, 
the main bulk of the residue, amounting to about 7 grams, passed 
over at 210—225° and was clearly a mixture of saturated fatty 
acids; on, refractiouation, the range was not appreciably altered, 
(mhexoio acid boils at 205°; //-heptoic acid at 223°). The fractious, 
except the highest and lowest, wore mixed, and a sample was 
titrated with standard alkali in the presence of phonolplitludeiu as 
indicator. The equivalent found was. 125, which corresponds with 
about one part of liexoio acid and two parts of heptoic add. The 
portion of the oxidation product which was not volatile in steam 
was small and nothing definite could be- isolated from it. 

Oxidation of Methyl gin ge.rol. Formation of Fatty Add. s’ and 

Vcratric Acid * 

As the presence of phenolic hydroxyl in gingerol evidently led to 
destruction of the aromatic portion of the molecule by the oxidising 
agent, the oxidation of 8 grams of methylgingerol by means of 
chromic acid in acetic acid solution was carried out and the 
products were worked up as in the immediately preceding descrip¬ 
tion. A mixture of fatty acids was obtained as before, but from 
that part of the product which was not volatile in steam, about 
0*9 grain of acid was obtained on extraction with ether. This, when 
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purified by crystallisation. from hot water, formed flat need Lea melt¬ 
ing at 180—181°, and. i u\ equivalent, found by titration wiUi 
standard alkali, using phenolphthnlein as indicator, was 184. It was 
readily kkmtifieri as vera,trie acid (equivalent“182). 

ft I mo a- of Gingerol tellh Potassium ll t/dron ide. Formation of 
Prolot eehuic /I rid, 

Stcnhouso and Groves (T., 1877, SI, i, 533) .found protocatechuic 
acid in the product obtained by fusing crude ginger resins with 
potassium hydroxide. The present authors tried the same experi¬ 
ment with refined gingerol, and although the great bulk of the 
material carbonised, a small quantity of protocatechuic acid was 
isolated from the product and identified. 


A v.lion of Kent and of J f t/drol //lie Agents on Gingerol. Formation 
of /! Jlphalie Ald(h//des (jttainl// u -!l t:-jd aldehyde.') 
and a Ketone , (i Zinyeronrft 

It has been mentioned that Messrs. Garnett and Grier bad 
noticed that some specimens, of gingerol gave a quantity of mixed 
crystalline- solids when shaken with aqueous sodium hydrogen sul¬ 
phite. The present authors find that this is only the case with 
old specimens or material which have been heated alone or with 
acids or alkalis, and such specimens have a peculiar' odour whilst 
'pure ones are practically odourless, 

IT a sample of gingerol which has been distilled under diminished 
pressure is subjected to a current of steam, a certain quantity of a 
volatile oil, with an odour resembling am ant hoi (heptaldehyde), 
passes over, This, if extracted from the distillate by ether, is 
obtained as a colourless oil. If the ethereal solution is shaken with 
freshly prepared sodium hydrogen sulphite the bulk of the con¬ 
tained oil is converted into a mixture of crystalline additive com¬ 
pounds with, the reagent, and these, after washing and draining, 
can bo decomposed with aqueous potassium carbonate. The result¬ 
ing oil consists almost wholly of aldehydes of the fatty series, 
mainly heptaldehyde; when shaken with aqueous hydroxylamine 
acetate it loses its characteristic odour and yields more than one-half 
its weight of crystals, which, after being drained and recrystallised 
once from methyl alcohol, form plates melting at about 53°. 
(Found, 0 = 65’4; 11=12-0. C 7 H h :NOH requires C = 65*1; H = U*7 
per cent,) 

Tim compound was compared with heptaldoxim© (in, p, 53—55°) 
prepared from commercial, am&nthol; the substances were .identical 
in all respects. 
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For the further proof that the compound forming the hulk of 
the above oil is //diepbaldehyde* its cyanohydrin was prepared from 
the crystalline hydrogen sulphite compound and hydrolysed. The* 
resulting hy droxy-aeid (m. p. 66—67°) on titration gave the equiva¬ 
lent 102 (C 8 lT iri Q n requires 160) and direct comparison of the corre¬ 
sponding substance* from commercial ocuanthol afforded proof of its 
identity with a-hydroxy-n-octoio acid. 

The oily residue left after passing steam through distilled 
gingerol, if dissolved in ether and then shaken with aqueous sodirnn 
hydrogen sulphite, frequently furnishes a small quantity of a solid 
hydrogen sulphite compound of a. ketone; the "bulk of this may 
remain dissolved in the* aqueous layer, from, which, as well as from 
tho solid, the ketone* can be recovered by adding a slight excess of 
hydrochloric acid, boiling off sulphur dioxide, and extracting with 
ether. In this way there is usually obtained a sweet-smelling oil 
with a very pungent taste. 

The new ketone, for which the name u linger one ” is proposed, 
was not obtained in solid form until a highly purified synthetic 
specimen solidified; various specimens of the compound obtained 
from gingerol subsequently set to solid masses by infection. 

In order to obtain supplies of the ketone* from extract of ginger, 
the authors Have since utilised the fact that gingerol is readily, in 
part, decomposed by Hot baryta water into aldehydes mainly volatile 
in steam, and the new ketone*. By boiling crude extracts of the drug 
with baryta water so long as the odour of ocnanthol is perceptible 
in the distillate, acidifying the residue, extracting with other, and 
subsequently dealing with the ethereal extract in the manner above 
indicated, the new ketone is conveniently and quickly obtained. 

The yield of zingerone from gingerol is very much below that 
theoretically possible; this is doubtless due to the occurrence of 
polymerisation or secondary re condensation of the sensitive 
products of hydrolysis. 

Decomposition of M ethyl ginger oh Formation of Fatty 
Aldehydes unci Methylzingerone , 

Purified methylgingerol behaves towards hydrolytic agents and 
when heated alone in much the same way as does gingerol itself. 
The yields of the simpler products were in this case, however, more 
satisfactory, especially when boiling baryta water was used and the 
fatty aldehydes were removed with the steam as soon as formed, 

Even from recrystallised methylgingerol the fatty aldehydes were 
of mixed character, and this is in agreement with the mixed nature 
of the fatty acids obtained on oxidation (p. 782). The ketonio 
product is in this instance not soluble in alkalis, lias no perceptible 
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odour, and, as it is but very slightly volatile in steam, most of it 
remains in the flask after removal of fatty aldehydes. It is 
recovered by extraction with ether and is readily obtained in 
crystalline form. The properties of this compound, which is the 
m on on) ethyl ether of zingerone, are: described later. 


Properties of the New Ketone , C n I:I 3 . t 0 8 . 

The compound when pure is a colourless solid which dissolves 
somewhat freely in most of the usual organic media, with the excep¬ 
tion of petroleum, and crystallises from ether in needles, rhombo- 
liedra, or large, lustrous plates melting at 31—34°. It lias a dis¬ 
tinct, sweet odour reminiscent of salicylaldehyde and to a less 
extent of vanillin. It has an extremely pungent taste like that 
of ginger itself, but quantitative comparisons have not yet been 
carried, out. 

When warmed with concentrated mineral acids, best with hydro- 
bromic acid, it gives a striking colour reaction. The liquid, at first 
faintly yellow, passes through brownish-yellow, reddish-brown, to 
brown tints, then becomes opaque purple and blue in thin layers, 
and ultimately deep purple; on careful addition of alkali the colour 
becomes blue, then faintly green, or nearly colourless. 

Zingerone is but slightly volatile in steam. As it was not 
obtained in crystalline form until the research was otherwise com¬ 
pleted, no attempt was ever made to determine the composition of 
the product from gingerol by direct analysis. The formula was 
deduced from those of its solid and more- easily purified derivatives. 
The substance dissolves only very sparingly in water, but freely in 
dilute aqueous sodium or potassium hydroxides, being reprecipi¬ 
tated by carbon dioxide. In alcoholic solutions, it gives a green 
coloration with ferric chloride. Its alkaline solutions give neutral, 
non-pun gent, insoluble products when treated with benzoyl or 
sulphonyl chlorides, and with chlorocarbonie esters. These observa¬ 
tions show that zingerone has a phenolic character. It is optically 
inactive in alcohol or benzene. 

Zingerone also' lias the character of a ketone, and readily yields 
a crystalline phenylhydrazorie (plates,' m. p. about 143°) and serni- 
carbazome (needles, m. p. about 133°); but these, as well as other 
liydrazones and oximes, were found very difficult to purify as they 
quickly decomposed in solution. 

The ethyharbonato- derivative, O n H 3 O*CJOJSt, was prepared 
by cautiously adding ethyl chloroformate to an ice-cold solution, of 
the ketone in aqueous sodium hydroxide. The resulting solid was 
collected, dried, and crystallised from ether. 
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Foil rid : (1 (>:VJ, 68*2; 'I I.G*7, 6*7. 

C'^H ji.;0r ( require C — 68*2; IP 0*7 per cent. 

Iti ton nod largo, Hat, oalcitodiko prisms molting a.i* 45.47°, 

Tito methyl derivative ( methyl zingerone), was pre¬ 

pared by shaking an ice-cold’ solution of zingerone in aqiseons 
sodium hydroxide with methyl sulphate. It is also obtained, as has 
already been mentioned, by heating or hydrolysing “ methylgin- 
gerolF It dissolves readily in most of the usual organic media 
with the exception of petroleum; it is insoluble in water or alkalis, 
and crystallises from alcohol in colourless needles melting at 
55*5—50*2°. 

Found: (1-68*9; IP-7*7. 

C, 2 li, n O ;] requires (1 69*2; II7*7 per cent. 

The methyl derivative has no phenolic properties, but it gives 
the same colour reactions with hydrochloric acid as does zingcrone 
itself. It displays lcctonic characters, gives crystalline derivatives 
with semicarbazide, phenylhydrazines, and. hydroxy land no. It is 
fully saturated, and does not reduce cold permanganate in acetone 
solution or decolorise bromine in chloroform. When, oxidised with 
permanganate in dilute aqueous sulphuric acid it gives vent trie 
acid (rn. p. 179°; proof by mixed melting point method). 

1 /a thyhinfferoneo rci me, C 33 H 10 O 3 *NOH, was prepared by wanning 
the foregoing compound in alcoholic solution with hydroxy land tie 
hydrochloride and excess of sodium acetate. It was isolated by 
diluting with water and extracting with ether. It crystallises from 
light petroleum or ether in slender needles melting at 91—93°. 

.Found: 0-65*0; 11 = 7*8; F = C>*7. 

C 12 H 17 0.jlSf requires C = 64*6; H = 7*G; N-6\8 per cent. 

When, dissolved in a little pyridine and ether, treated with 
bromine water in excess, and then with, hydrogen peroxide 
(Piloty’s test for ketoximes) it gives a definite, a 1 though 1 not very 
intense, yellowish-green colour (hromon itroso com pound) which 
passes into the ethereal layer. 

Constitution of M cthylzingero ne and linger one. 

As the sensitive' phenolic hydroxyl group of zingerone is absent 
in the methyl derivative, the latter was considered to be the most 
suitable compound with which to begin experiments with the view 
of throwing light on the structure of these substances. 

Attempts to bring about the Beckmann change in the oxime? were 
not fruitful, but the oxidation of methyl zingerone itself gave the 
necessary clue. 

When the methyl ether was warmed with aqueous sodium hypo- 
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bromite, the odour of broinoform soon became poix:oj>i.il'*1e. and the 
solid passed into solution. At the eud of some hours’ interaction, 
sodium sulphite in excess was added to destroy midhaiigod hypo- 
bromite, steam was passed through the solution to remove carbon 
tetrachloride and other impurities, then the acid products wore 
liberated by addition of mineral acid and extracted with ether. 
The latter extracted a mixture which on repeated recrystallisation 
from ether was resolved into two main portions, one containing 
halogen and the other free from it. The latter formed plates, and 
when recrystallised from water was found to be hydrated, but after 
exposure in a vacuum became anhydrous and melted at 95—97°: 

0*6573 Gram, required 31*5 ex. Nj\ O-NaOIT for neutralisation 
with plienolphtlialein as indicator, whence the equivalent = 208; 
that required for a monobasic acid, EJCWCOJI, being 210. 

The acid agreed in general characters with j3 3:4-dinlethoxy- 
OMo OMi! 

M «>(><' Tui Mil)/ Uco.,11. 

(I) (U) 

phenylpro picnic acid (I) and this inference appeared to bo more 
probable as gingerol had yielded, protocateohuio acid and methyl- 
gin gerol, veratric acid (II). It was clear that methyl zingorone 
must be the methyl ketone of the acid, or 
o,()TriA-«>ou ft , 

a nd tl i ere fore p robably 

OMe 

Mcod yClI./Oir^OO'CH.,. 

\ / 

Synthetic experiments, described in Fart II’., have established the 
truth of this inference'. Moreover, a synthesis of zingorone itself, 
which is described in the same communication, has shown that of 
the two alternative formula dedueible from that of the methyl 
©tlier, the formula 

OMe 

Ho.( pcjH./cn./CO'Cn,,. 

must bo assigned to zingerone; the latter is therefore 4hydroxy-3- 
m et h oxy phenyl ethyl methyl ketone. 

The Constitution of Gingerol, 

There ■ is no reason to doubt that, except for the numbers of 
carbon atoms contained in the residues which furnish, the fatty 
aldehydes on hydrolysis, the structure of the two or more pungent 
constituents of gingerol are essentially similar, and therefore, 
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muttttin muumdix) the following remarks are a.ppliea'I.*]e to all such 
eoiisl.iki tints, The molecule of Iliafc component of gingerol which 
furnishes heptaldehyde clearly has the composition of a compound 
of that aldehyde with, mtgerone, that Is, Cbll u O 0 J0 i 1 ^(O'Mi^O 11, 
methylgingerol being C 7 11 4 0 -p O 10 H 1( ,(OMe) {i . The kotonic charam 
ter of these two- compounds is not a matter reasonably admitting of 
doubt, but the function of the fourth oxygen atom is certainly not 
quite clear. 

It is extremely difficult, if not impossible, to depict a condensa¬ 
tion product of one molecule of heptaldehydo with one of inethyb 
zingerono which accords wii.li the above conclusions, without assum¬ 
ing that the fourth, oxygen atom Inns hydroxy tic functions. The, 
only reasonable alternative would appear to involve one of the 
following assumptions: (1) that the carbonyl groups in the ketone 
and the aldehyde are jointly engaged in the- grouping 

>0<g>c< ; 

but this is not in accordance with the ready hydrolysis of gingero! 
and methylgingerol with baryta water, as such, complexes are 
normally stable to alkalis; or (2) that the molecule con to,ins a 
peroxide-dike grouping, such as: 

0—0 o——0 

I I or 1 s ; 

II I I 

but the two substances have non© of the characters of peroxides. 
Again, neither of these assumptions is in harmony with the fact 
that methylgingerol reacts with, hydroxyl amino, giving a kefoxhue 
which yields unchanged methylgingerol once more by mild hydro¬ 
lysis. 

The authors have been forced to infer, therefore, that the fourth 
oxygen, atom has hydroxylic functions, and that the failure,'of 
methylgingerol to give methane with magnesium methyl iodide is 
due to the- primary reaction of the reagent with the- carbonyl group 
and the insolubility of the additive product; the reaction of methyl¬ 
gingerol with acetyl chloride, and more especially with phenyl- 
carbamide, are- fully in agreement with this view. 

If the presence of the hydroxyl group in methylgingerol is 
assumed, then this compound and gingerol itself appear as 
“ aldols,” and the whole- of their properties, including the optical 
activity, with one signal difficulty, are readily understood, and the 
pungent constituents of gingerol can be represented by one of the 
two general, formulae: 
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• 0 H .j • 0 H (OH ) • [(J i 1 a ] tl ' (J H g 

/\ 

JoMo 

or 

Oil 

/\ L 3 


( ^OMo 

OH 


where tli© residue Oilrig#.,. t is a saturated alkyl radicle, probably 
normal in all cases, and n = 5 and either 4 or 3 (or both.). Having 
regard to the very general occurrence in natural products of open, 
straight-chain, aliphatic residues, the first of the two general 
formulae appears the more probable. The optical activity of the 
compounds is explicable on the basis of either of the formulae 
suggested. 


Summary. 

The oko-resin, gingerol, the pungent principle of Zingiber 
officinale, which was first investigated by Thresh, and more recently 
by Garnett and Grier, is essentially a mixture of optically active 
saturated phenolic compounds derived from a residue of zingerone, 
or 4-hydroxy-3~inethoxyphenylethyl methyl ketone, in association 
with a molecular proportion of the residue of a saturated aliphatic 
aldehyde, winch in the main constituent is /i-heptaldehyde. The 
constituents are probably Cf aldols 5J (j8-hydroxy-ketones) of the 
general type; 

^aT^3(0'H)(OMe)*CH s *CH 2 *0O # GTT 2 *CH(()H)*[CH 2 ] ft *CHjj, 

where n in the principal constituent is 5, and 4, or possibly 3, in 
the main secondary constituent. 

Only traces of solid matter, of camphoraeeous appearance, have 
been observed in gingerol, but methy lgingerol, a mixture of the 
monomethyl ethers of the gingerol constituents, and methylgmgeroJ 
oxime, lias been obtained in crystalline form. 

The work described in this paper and in Part II. was begun early 
in 1914 and carried to its present stage in July, 1915. 

We desire to express our very cordial thanks to Messrs. Garnett 
and Grier for entrusting us with th© continuance! of their investiga¬ 
tions and for the considerable trouble' they took to facilitate its 
progress. Grateful acknowledgments are also* duo to James 
Woolley and Sons, Manchester, for carrying out the large-scale 
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extraction of the drug, and to the British Idiannaenulioal (Jivd’er 
cure for the use of a grant from which part of the expenses -of th< 
resea roll was defrayed, 

Oroantc Ohkmioal Laboratories, 

This University, M a no ii issibk. [i Re&timil, April 'tilth, 1017.] 


LX. VI.- —The Pungent Principles of 1 ringer. Part 

11. Synthetic Preparation,* of Zivgeronc, Methyl- 
Znigeeone and Some Related A (mis. 


By A,.rthu xt La mvoimi and FiummuuK I ! unry Wyku.s. 

In Fart 1. evidence was adduced that the phenolic ketone, 
‘ f ringer one /'* obtained from giugerol, the pungent oleo rosin of 
ginger, was 4-hydroxy-3-niotlioxy phenyl ethyl methyl ketone (1) or 
a position isomeride, and that “ 11 i c thylzingerotie,’ 1 the correspond¬ 
ing ketone from “ methylgmgerol,” is its methyl ether, (II), 3:4- 
dimefchoxyphenylethyl methyl ketone. 

CH S * CH„-00-0 K n < m r 0 H rUO'U 1 1 

/\ * ' /\“ 

L JoMe 1^ J<) Mo 

OH OMo 

(I.) (it.) 


The authors have prepared these, and also several important 
acids' that were required for purposes of comparison, by synthetic 
methods, which in certain cases represent the first direct) syntheses 
of the’ compounds in question and in other eases art 9 * simpler or 
give better yields than previous methods. 

The synthesis of mothylaingomn© presented no difficulty, as 
3:4-dimethoxystyryl methyl ketone (II), from veratrahlehyde and 
acetone, is easily made in good yield and is readily^redncc.d by 
sodium amalgam, giving 3.: 4-dimethoxypheuylethyl. methyl ketone, 
which is identical with methylzingerone (II). 


gh:oh-oogh* 

/\ 


-OMe 


OMe 


0110 


/\ 


fOUe 

OH 


OH:cH>co*oe s 


I^OMo 

OIL 


(in.) (ivy (v.) 

A similar process for preparing 4-hydroxydhnietlioxypli.cuyletliyl 
methyl ketone by condensing vanillin (IV) - with acetone and 
reducing the resulting 4-hydroxy~3unethoxystyryl methyl ketone 
(V) .gave very poor yields at each stage, but the final product was 
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zingoroim, On the other 


quickly obtained by the followiuu process. 

Vanillin (V) gives an excellent yield of ethyl vamllylidonoaceto- 
acetate (VI) by Knoevenagel and Albert’s method ( Ber 11)04, 
37, 4476),; this unsaturated ester was easily reduced by means of 
sodium amalgam, and the product with excess of alkali was con¬ 
verted into an acid, doubtless vamlhflacetoaeetic acid (VII), ■which 
when heated lost the elements of carbon dioxide and was con¬ 
verted into zingerone (V). 


OHICAmfXXEt 

/\ 

/ \ 

l 

s /Okie 
\/ 

Oil 


OHACH Ac*CO a H 

/y 

^ ^joMe 

OH 


cjm:cai\, 

7 \ 

/OMe 

OIL 


(VL) 


(VII.) 


(VIII.) 


Synthetic zingerone was obtained in crystalline form, and had 
the characteristic sweet odour and pungent taste of the ketone 
from the decomposition of gingerol. The solid when, used to infect 
samples of ketone obtained from the drug caused these to solidify 
for tli© first time. The properties of the synthetic ketone were 
identical in every respect with those of the compound from ginger. 

An attempt to imitate this synthesis through vanillylidene- 
acetylacetone (VIII) was not successful, and the reduction pro¬ 
ducts of the latter compound were not of the type expected. 

The authors’ work included some simple direct syntheses of 
hydroferulic acid (XI) and of hydroealfeic acid (XIII). These 
have previously been obtained by the reduction of synthetic feralic 
and caffeic acids (Tiemaxm and Hagai, Ber,, 1878, 11, 650, 672) 
prepared by the, Perkin “ cinnamic acid synthesis.” As the 
authors* methods, although obvious enough, are new, if not in 
principle, and are very easily carried out, the steps may be 
indicated. 


Vanillin (V) was condensed with diethyl maionate or ethyl 
cyanoacetate, yielding diethyl vanillylidenemalonate and ethyl 
vanillylidenecyauoacetate (IX)' respectively. These were readily 
reduced at the double bond, and on subsequent hydrolysis with 
excess of alkali were converted into acids, doubtless vamllylmalojaic 
acid. (X) in both instances. The product when heated yielded 
hydroferulic acid (XI). 


0H:0(0NVCO ? Et 

0H.<CH(CO 3 H) 3 

CH 3 *CH a -C0 1 H 

/\ 

/\ 

/N 

Jo Me 

JJoMe 

i ■ JOMe 
\/ . , 

oh: 

OH 

OH 


(IX.) 


(XL) 


VOL. OXJ. 


I I 


(X.) 
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\ piocisoly analogous process, applied to protooaiwffiimidehydo 
instead oT vanillin, gave hydrocalfeie arid (XI11) through the inter 
inoclialw emi demotion, product (XU). 

I.! HI (t( 0 N )M JO., |fit, (HI./(’II */ 00 a 11 

/\ " /\ ' 


!. Jo a 

\ / 

oH 

(XII.) 


jo II 

\./ 

OH 

(xriL) 


It is worthy of remark that all the unsaturated phenolic ketones 
and eaters (I, V, VIII, IX, and XIf) give solutions in alkali which 
in the thinnest layers exhibit an intense yellow colour that dis¬ 
appears on reduction at the double bond. The effect is perhaps 
most pronounced with (XII), which exhibits with boric acid a 
reaction very like that associated with curcumin, the colouring 
matter of turmeric. The constitution which Kostanecki suggests 
for curcumin is 


oH:oH/co*oii./00*cn:oH 

/\ 

I Jo Me l joMe 

\/ \/ 

OH Oil 


in which case it is obviously very closely related to the similar 
compounds dealt with in the present paper. 

The question of the groupings essential to the pungency of 
ginger ol, zingerone, and similar compounds is one which one of us 
is hopeful of reserving for a short time. So far, it would appear 
certain that the presence of the free phenolic hydroxyl group is 
essential, and also, not improbably, the ketonic carbonyl suitably 
disposed in a saturated chain attached to the phenolic residue. 


E X P ffi E I M E N T k L. 

I. Synthesis of Zinger one (&~Hydroxy~Z~'methoxyphenylethyl 
Methyl Ketone ), 

Preparation of Fthylcarbonatomnillifi , 

OMe 

00 2 Et-0<^ \0H0 . 

As vanillin and its acetyl and benzoyl derivatives did not readily 
condense with acetone, the ethylcarbonato-dorivaiive, which is new, 
was prepared by adding one molecular proportion of ethyl cMoro- 
formate to vanillin dissolved in the requisite quantity of A-sodium 
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hydroxide. The derivative separated in the cold in small, white 
needles, and after an hour was collected and crystallised from hot 
alcohol. 

Pound; 0 = 63*3; H = 5*9. 

0 n XT 12 0 4 requires 0 — 63*5; IT ==5*8 per cent. 

The substance crystallises from alcohol in slender needles and 
melts at 65°. It is slowly hydrolysed by cold dilute alkali. When 
it was dissolved in excess of acetone and the mixture treated with 
a little dilute sodium hydroxide, an intense yellow colour was pro¬ 
duced, and apparently a small quantity of the desired condensa¬ 
tion product was formed, as the neutral product of the reaction, 
when reduced with sodium amalgam, gave an oily mixture which 
had a pronounced pungent taste. The authors have not yet had 
opportunities to follow up these observations. 

'Reduction of Vanillylidene Derivatives of A cetylacetone and 
Ethyl Acetoacetate. Formation of Zingerone . 

Vanillylideneacetylacetone, which was prepared by Knoevenagel 
and Albert/s method (Ber, y 1904, 37, 4480), forms an intensely 
yellow solution in sodium hydroxide; this colour is discharged by 
shaking the solution with sodium amalgam, and on saturating the 
resulting liquid with carbon dioxide, an oil, doubtless vanillyU 
acetylac etone, HO'O c H 8 (OMe)-CH 8 *CH(CO*CH s ) 8 , is deposited 
and ultimately tends to crystallise; as the oil when heated with 
acid or alkaline hydrolytic agents gave no- product with the 
characters of vanillylacetone, its further investigation was not 
undertaken. 

Ethyl vanillylideneacetoacetate, which was also obtained in 
nearly theoretical yield by Knoevenagel and Albert’s method 
cit.) p. 4476), crystallised in pale yellow needles melting at 
112*5—113*5°, and as Knoevenagel and Albert give the melting 
point as 120—121°, the authors analysed their product. (Pound, 
0 = 63*3; H = 6*0. C w H 10 O 5 requires 0=63*5; IT = 6*1 per cent.) 

The ester was dissolved in 10 per cent, aqueous sodium hydroxide 
and the intensely yellow solution shaken violently with washed, 
fluid, sodium amalgam, the whole being kept very cool. When 
the solution no longer displayed a yellow colour in thin layers, it 
was separated from mercury, mixed with 35 per cent, of its weight 
of solid sodium hydroxide, and heated for about eight hours on 
the water-bath, when it was cooled, saturated with carbon dioxide, 
and extracted with ether to remove unhydrolysed ethyl vanillyl * 
acetoacetate , 0Me*C 6 H s (0H) e CH 2 -CHAc*C0 2 Et # an oily ' com¬ 
pound which represents the first stage in the reduction process. 1 ' 

n® 
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The aqueous residue was next acidified and extracted with ether, 
the latter then being dried and evaporated. The oily extract 
was heated in a vacuum, when at first carbon dioxide was evolved, 
and the residual material distilled at 175—210°/15 mm. 

In order to separate the products, the distillate was dissolved 
in aqueous sodium hydroxide, which was then saturated with 
carbon dioxide and extracted with ether (“phenolic extract 51 ), 
the aqueous residue being subsequently acidified with hydrochloric 
acid and again extracted with ether (“acidic extract”). 

The “phenolic extract” when dried and evaporated left a 
brown oil. This was dissolved in A-sodium hydroxide solution 
and treated in the cold with ethyl chioroformate, when the bulk 
of the material in solution was converted into an oil which 
solidified on scratching the vessel with a glass rod. The solid was 
dissolved in ether, the solution dried, and allowed to evaporate 
spontaneously. Large, tabular crystals were deposited, which on 
recrystallisation from light petroleum formed colourless, hex¬ 
agonal plates melting at 47*5°. 

Found : C = 62*7; H = 6*7. 

0 14 H 18 0 5 requires C = 63*X; H = 6‘S per cent. 

The substance was identical in all respects with the ethyl- 
carbonato-derivative of the ketone (“ zingerone ”) obtained from 
gingerol. 

In order to obtain the free phenolic ketone, the foregoing com¬ 
pound was heated on the water-bath with dilute aqueous sodium 
hydroxide until a homogeneous liquid resulted. Excess of hydro- 
chloric acid was then added and the cooled product extracted 
with ether. After drying and evaporating, the ethereal extract 
left a residue, which was distilled in a vacuum, when the dis¬ 
tillate set to a crystalline mass. 

The solid material, obtained as above, was purified by dissolv¬ 
ing it in dry ether, adding enough petroleum to cause a turbidity, 
allowing the latter to settle, and then infecting the clear solution 
with a trace of solid 4-hydroxy-3-methoxyphenylethyl methyl 
ketone. On spontaneous evaporation, the liquid deposited lustrous, 
flat, colourless crystals which had the odour of the above ketone 
and melted at 36—37°. 

Found: 0 = 67*7; H = 7*2. 

0 n n H O 3 requires 0 = 68*0; H = 7*3 per cent. 

4-Hydroxy-3-methoxyphenylethyl methyl ketone obtained in this 
way had an extremely pungent taste and was in every respect 
identical in properties with " zingerone.” As has already been 
mentioned, the “zingerone” from the natural source was not 
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obtained in crystalline condition until infected with a trace of 
the synthetic ketone, which had solidified spontaneously after dis¬ 
tillation in a vacuum. 

4-Ilydroxy-3-methoxyphenylethyl methyl ketone is not the only 
product which is formed by reduction of ethyl vanillylideneaceto- 
acetate and subsequent hydrolysis. The “acidic extract ” (com¬ 
pare p. 794) gave on evaporation a small quantity of an acid 
which was moderately soluble in cold water and readily so in hot; 
this formed colourless leaflets melting at 133—134°, and was at 
first believed to be hydrocaffeic acid, which also crystallises in 
leaflets and melts at 137—139°. The substance obtained as above, 
however, Unlike hydrocaffeic acid, gives no coloration with ferric 
chloride, and when it is mixed with hydrocaffeic acid the mixture 
melts at 127—132°. A titration with alkali, using phenol- 
phthalein as indicator, gave an equivalent for this acid of about 
240; the quantity of this material obtained in the pure state was, 
however, too small to permit of further investigation. 


Oxidation* and Eeduction of 3:4 -Dimethoxystyryl Methyl Ketone. 

Formation of Diniethylcaffeic Acid and of Methylzingerone. 

3:4-Dimethoxystyryl methyl ketone was prepared by condensing 
veratraldehyde with acetone (compare Francesconi and Cusmano, 
Gazzetta , 1908, 38, ii, 70 et seq.) and purifying it by recrystallisa¬ 
tion from light petroleum. (Found: 0=70*0; H = 6*8. 0 12 H 14 0 3 

requires 0=69*9; H = 6*8 per cent.) 

The compound crystallises from carbon tetrachloride in micro¬ 
scopic leaflets. When it is warmed with concentrated hydro¬ 
chloric acid, it gives a deep red coloration, doubtless due to the 
intermediate formation of veratraldehyde, which gives a similar 
reaction. 

3:4-Dimethoxystyryl methyl ketone is readily oxidised when 
shaken with aqueous sodium hypobromite, being converted into 
dimethylcaffeic acid, C 0 H a (OMe) 2 “CICCH*CO 2 H, which was 
isolated in small, flat needles (from water) melting at 180—-181°. 

Reduction of 3:4-dim ethoxy sty ryl methyl ketone with the aid 
of Paal and Skita’s or Willstatter’s methods did not proceed in a 
very satisfactory manner, but when an alcoholic solution of the 
compound was shaken with liquid sodium amalgam, the bright 
yellow colour rapidly lost its intensity, and when this process was 
carried out in presence of excess of potassium, hydrogen carbonate, 
good yields of the desired reduction product were obtained. It 
was isolated by diluting the aqueous-alcoholic solution with water, 
extracting with ether, and shaking the ethereal extract with 

I i» 2 



796 


LAPWORTH AND WYKES : 


freshly prepared sodium hydrogen sulphite solution. The solid 
hydrogen sulphite compound was collected, washed with ether, 
dried* and then decomposed by warming it with excess of aqueous 
sodium carbonate. By extracting the resulting liquid with ether, 
3:4-dimethoxyphenylethyl methyl ketone was obtained in quantity 
corresponding with about 80 per cent, of that theoretically possible. 
It was purified by crystallisation from methyl alcohol. 

Found: C-69*4; H = 7*8. 

0 12 H 36 0 3 requires C = 69*2; H — 7*7 per cent. 

The substance formed colourless, odourless needles melting at 
55—56°, and its identity with “ methylzingerone,” obtained by 
methylating “zingerone” or by the decomposition of “methyl- 
gingerol/' was established by the usual methods. Its colour 
reactions with hydrochloric acid and the properties of its oxime 
(long, white needles, m. p. 92°) were indistinguishable from those 
of the corresponding compounds obtained from “gingerol.” 

III. Synthesis of Eydroferulic Acid , 

Ethyl Vanillylidenecyanoacetate, 

OMe “ 

ho/ )>CH:C(CN)-C0 2 Et. 

Vanillin and ethyl cyanoacetate were mixed in molecular pro¬ 
portions and heated on the water-bath until a homogeneous liquid 
was obtained, when a few drops of piperidine were added and 
the heating was continued until a test portion solidified com¬ 
pletely. Alcohol (twice the weight of vanillin present) was added, 
and the whole allowed to cool. The crystals obtained were washed 
with dilute hydrochloric acid, dried, and crystallised from alcohol. 
With material obtained from mother liquors, the total yield of 
condensation product approached that theoretically possible. 

Found: 0 = 62*2; H;=5*3. 

Ci S H 13 0 4 N requires C — 63*l; H —5*3 percent. 

Ethyl vanillylidenecyanoacetat e separates from alcohol in 
yellow needles melting at 107°. It dissolves in aqueous sodium 
hydroxide, giving a solution which shows an intensely yellow 
colour even in thin layers; it is reprecipitated unchanged from 
this solution on the addition of acids. 

Formation of Eydroferulic Acid from Ethyl Vanillylidefte- 
cyanoacetate. 

The reduction of ethyl vanillylidenecyanoacetate was accom¬ 
plished by means of sodium amalgam in precisely the same manner 
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as was used for the reduction of ethyl vanillylideneacetoacetate 
(p. 798). The reduction product [mainly, no doubt, a mixture 
of vanillylcyanoacetic acid, TI0*C G H 3 (0Me) # CH 2 ,9 CH(CN) e C0 2 Il, 
and its ethyl ester] was heated with excess of potassium hydr¬ 
oxide until the ester present had been completely hydrolysed, when 
excess of acid was added and the liquid extracted with ether. 
The latter was evaporated and the residue heated in a vacuum 
to expel carbon dioxide; the hydroferulic acid left was purified 
by converting it into its lead salt, which is very sparingly soluble 
in water, and decomposing the latter in aqueous suspension with 
hydrogen sulphide. 

Hydroferulic acid, obtained in the above way, crystallises from 
hot water in stout, white needles melting at 89—90°. It dis¬ 
solves -readily in hot water, less readily in cold, and only spar¬ 
ingly in concentrated hydrochloric acid. Its aqueous solution 
gives no coloration with ferric chloride. (Found: 0 = 60*6; 
11 = 6*2. C 10 H 12 O 4 requires C = 60*6; H = 6*l per cent.) The acid 

agreed very closely in properties with those assigned by Tiemaim 
and Hagai (Ber., 1878, 11 , 650) to- the acid obtained by the 
reduction of fertilic acid. 

Diethyl vanillylidenemalonate, HO-O 0 H 5 (OMe)*OH:C(CO a Et) 2 , 
was prepared from vanillin and ethyl malonate by Knoevenagel 
and Albert's method (loc. cit ., p. 4481). It had the properties 
ascribed to it by these authors. 

On reduction with sodium amalgam and subsequent treatment 
in the manner described in the case of ethyl vanillylidenecyano- 
acetate, it yields hydroferulic acid. 


IV. Synthesis of HydrocaffeAc Acid, 

Hydracaffeic acid was prepared by Tiemann and Hagai (Ber,, 
1878, 11, 672) by the reduction of synthetic caffeie acid. The 
following is a simple alternative synthesis. , 


Condensation of Prolocabechucddehydc with Ethyl Cyanoacetate. 
Formation of Ethyl a-Gyano caff eat e, 

OH 

1I0<( )>CH:C(CN)-C0 2 Efc. 

This condensation was effected by means very similar to those 
used in similar condensations in previous sections, but it was 
found desirable to dilute the mixture of aldehyde and ester with 
a little absolute alcohol. The product, which was' contaminated 
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with a brown impurity, was purified by extraction with benzene 
and recrystallisation therefrom. 

Found: C=61*6; H=4*9. 

C 12 I~Iii 0 4 N requires 0 = 61*8; H = 4*7 per cent. 

Ethyl urcyanocaffeatt is a yellow, microcrystalline solid which 
melts somewhat indefinitely at 162—166°, and dissolves in alkali 
to give an intensely orange solution. A test-paper made by 
dipping paper in an alcoholic solution of this ester behaves 
towards boric acid in much the same way as does turmeric paper, 
that is, if moistened with boric acid solution and then heated it 
turns brown, but the temperature required is somewhat higher 
than with turmeric. 

Formation of Hydrocaff eic Acid from Ethyl a-Gy ana caff eat e, 

A solution of ethyl a-eyanocaffeate in alkali was reduced with 
sodium amalgam until colourless. The resulting liquid, which 
very quickly turned brown on exposure to air, was made strongly 
alkaline by the addition ot solid sodium hydroxide, boiled for 
two days under a reflux condenser, cooled, acidified, and extracted 
with ether. The ethereal extract gave an oil which soon deposited 
crystals; these were not isolated, but the whole was heated to 
expel carbon dioxide, then dissolved in water, treated with animal 
charcoal, and allowed to crystallise. The crystals of hydroeaffeio 
acid obtained in this way were hexagonal leaflets melting at 
138—139°, were moderately soluble in cold water, readily so in 
hot, and their aqueous solution gave a green colour with ferric 
chloride, changing to a rich purple on the addition of ammonia. 
These properties correspond closely with those assigned to hydro- 
caffeic acid by Tiernann and Nagai (loc, 

The axxthors have also found that hydrocaffeic acid is readily 
obtained from hydroferulic acid by heating it with dilute hydro¬ 
chloric acid (about 5 per cent.) at 200° for six hours in a closed 
tube. 

Acknowledgments are due to> Mrs. L. Kletz Pearson, who kindly 
carried out some preliminary experiments on the preparation of 
vanillin and veratraldehyde derivatives. 

Organic Chemical Laboratories, 

The University, Manchester, 
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LXVII .—The Determination of Ozone and Oxides of 
Nitrogen in the Atmosphere, 

By Francis Lawry Usher and Basrur Sanjiva Rao. 

The investigation recorded in this paper arose' from the observation, 
common to residents in tropical climates, that rubber articles and 
cotton and silk fabrics perish, and certain colouring matters are 
bleached, far more rapidly than in temperate latitudes. The 
explanation which at first seems natural, namely, that increased 
temperature or increased intensity of light, or both of these, may be 
chiefly responsible for the observed effects, appears to be inadequate 
because, although the factors named undoubtedly contribute to the 
deterioration of certain articles exposed to their influence, this 
deterioration is well marked in the case of articles kept in compara¬ 
tive darkness. An alternative hypothesis is that the' atmosphere in 
the tropics contains some chemically destructive substance which is 
either absent from, or present in far smaller quantity in, the atmo¬ 
sphere of higher latitudes. This hypothesis obviously suggests ozone 
as the substance postulated, and it receives support from the well- 
known observations that tropical sunlight exceeds both in quantity 
and in actinic power that of temperate climates, and that ozone is a 
product of the action of ultra-violet light on oxygen. We have 
been unable to discover any satisfactory record of experiments on 
the amount of ozone in the atmosphere in the tropics, and since the 
question is one of considerable practical importance as well as of 
scientific interest, the problem has been attacked experimentally in 
Bangalore. The experiments so far carried out do not support the 
hypothesis, But at present they are too few to permit any definite 
conclusion being drawn. The object of the present paper is to 
show that the methods of estimation hitherto practised are probably 
untrustworthy, and to describe a new method which we believe to 
be free from their defects. This method is applicable to the esti¬ 
mation of ozone, nitrogen peroxide, and, in certain cases, of hydro¬ 
gen peroxide*. 

Previous Work. 

Much work lias been done on the methods of estimating ozone 
and on the application of those methods to the analysis of the atmo¬ 
sphere; a useful summary of it is given in a paper on the subject 
by Hayhursfc and Bring (T., 1910, 97, 868). Besides the work cited 
in that paper, we may mention that of Reiser and McMaster (Amer, 
Ghent, 1908, 39, 96), who used a solution of. permanganate to 
distinguish between ozone, hydrogen peroxide, and nitrogen-per* ■ 
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oxide. According to these authors, air when passed through per™ 
manganat© solution is deprived of hydrogen peroxide and nitrogen 
peroxide, and any ozone which it may contain, being unaffected by 
the permanganate, can be estimated by one of the usual methods. 
On the other hand, if the air is passed over powdered manganese 
dioxide, both ozone and hydrogen peroxide are destroyed and the 
nitrogen peroxide may be estimated. [Finally, passage through 
chromic acid serves to distinguish between ozone and hydrogen 
peroxide, of which it destroys only the latter. 

Rothmund and Burgstaller (Monatsh., 1913, 34, 75) showed that, 
in the estimation of ozone and hydrogen peroxide, potassium iodide 
is untrustworthy on account of secondary reactions, but pointed 
out that satisfactory results could be obtained by substituting the 
bromide in acid solution for the iodide, and by subsequently adding 
iodide and titrating the liberated iodine. This process is, however, 
unsuited to the estimation of ozone in exceedingly small concen¬ 
trations. 


Value of Previous Determinations of Ozone . 

Before describing a new method, it is desirable to state the 
grounds on which the older methods are held to be objectionable. 
In the absence of a generally accepted standard method, the objec¬ 
tions are necessarily incapable of direct proof, but are none 1 the less 
valid. In some instances, the results obtained by different methods 
under the same conditions of time and place are mutually contra¬ 
dictory, but usually no such check is available, and in that case the 
experiments may be open to criticism on physical and chemical 
grounds. Objections on physical grounds are best exemplified in 
the method adopted by Hayhurst and Pring ( loc . cit,) : and subse¬ 
quently used in a slightly modified form by Bring ( Proc , Boy, 8or,, 
1914, [A], 90, 204). Here the air to be examined was blown across 
the surface of a liquid reagent contained in a shallow vessel, the 
efficiency of the arrangement having been tested by passing the 
gases from an ozoniser, mixed with excess of air, through two such 
vessels at the rate of 6 litres per minute, and considered satisfactory 
because <f all the ozone was taken up in the first vessel, and no 
appreciable liberation of iodine occurred in the second.” The only 
conclusion that can justifiably be drawn from this experiment is 
that the greater part of the ozone in a mixture which was presum¬ 
ably far richer in that gas than is atmospheric air was absorbed in 
the first vessel, whereas the only important question, how much 
ozone escaped absorption, is left unanswered. Chemists who have 
been concerned with the removal of minute traces of a gas by a 
liquid absorbent will have difficulty in assuming that ozone present 
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to the maximum extent of, say, 1 part iu 200,000 parts of air can 
have been quantitatively absorbed under such conditions, for it is 
the last traces of the absorbable' gas that* are so difficult to remove 
from a mixture. The foregoing criticism, is probably applicable, 
although not in so marked a degree, to all estimations of ozone 
where' the current of air has not been finely subdivided, either by 
passage over a closely packed solid reagent or mechanically before 
passage through a liquid reagent. 

Unless the error introduced by inefficient absorption is large 
compared with the quantity to be measured, it is important only in 
those experiments which claim to have a quantitative significance; 
whereas if they are objectionable on chemical grounds even their 
qualitative value may be questioned. We venture to suggest that 
all the recorded determinations based on the direct use of potassium 
iodide are untrustworthy for the following reasons, in addition to 
those stated by Rothmund and Burgs taller ( loc. cit.). (1) The 
liberated iodine is appreciably volatile in the current of air, even 
when fairly concentrated potassium iodide is used; (2) when iodate 
is formed, the reaction between the iodic and hydriodic acids which 
occurs when the liquid is acidified is very slow at great dilutions; 
(3) any nitrous acid present is reduced to nitric oxide, which then 
combines with dissolved oxygen and furnishes more iodine; (4) solu¬ 
tions of potassium iodide are unstable in the presence of air, even 
in the dark. It is true that the difficulties under the first three 
heads might be surmounted, but the oxidation of a neutral iodide 
solution by air in the dark is bound to occur unless some suitable 
negative catalyst can be found, and must vitiate the results of any 
experiment in which a long time elapses between its commencement 
and the final titration. Most previous workers who have examined 
the stability of potassium iodide solutions agree that iodine is 
liberated by the combined action of air and light, and that in the 
presence of acids—even of so weak an acid as carbonic—oxidation 
may take place in darkness, but it has been found that carefully 
purified iodide * also furnishes iodine in the dark, as is seen from the 
following figures (p. 802), which relate to solutions kept in darkness 
for two days in the presence of air freed from oxidising impurities. 

The error introduced in this way is certainly small if an experi¬ 
ment is of short duration, but in some of those carried out by 
Hayhurst and Bring nearly three weeks elapsed before the solution 
was titrated. Even when determinations are carried through 

* Ordinary “ pure ” potassium iodide appears always to contain free 
alkali, as weB as iodate, and it is possible that the presence of the former 
accounts for the negative results obtained by some. The iodide used in our 
own experiments was treated with aluminium amalgam to reduce the iodate, 
and was reorystaBised from alcohol to remove the alkali* 
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C.e. 

iV/lOOO-thioKiiipimio 


_ equivalent to 
iodine I i bonded 

E xperi- t t ( m froo as 

meat. Solution in contact with iodine. iodato. 

I. Purified air containing carbon dioxide .. 1*55 nil. 

II. Purified air free from carbon dioxide . 1*30 0*4 

III. Same as in II.; more concentrated solution... 1*40 0*7 


rapidly, however, the unavoidable errors due to secondary reactions, 
demonstrated by Rothmund and Burgstaller, remain. The substi¬ 
tution of cadmium potassium iodide for potassium iodide, recom¬ 
mended by Baskerville and Crazier (J, A uirr. Cham. A or., 1912, 
84, 1332), does not seem likely to eliminate those errors, the only 
advantage claimed for the cadmium salt being that it is more 
stable to light and to certain impurities. 

The method proposed by Reiser and McMaster (loc. cit.) is open 
to several objections. In the first place, ozone will not pass un¬ 
changed through permanganate solution unless nitrogen peroxide 
and hydrogen peroxide are absent, for both these substances reduce 
the permanganate to a manganous salt, which is known to be 
attacked by ozone. Moreover, the speed of the reaction between 
nitrous acid and ozone in aqueous solution is comparable with that 
of the reaction between nitrous acid and permanganate, so that a 
considerable proportion of the ozone must be destroyed during its 
passage through the solution, and the amount of nitrous acid found 
must be too low. Finally, the actual estimation of ozone was carried 
out by the potassium iodide method. 


Expbrim E n t a l. 

The initial difficulty lay in securing the quantitative removal of 
the very minute traces of ozone and oxides of nitrogen present in 
air, for which purpose probably the only effective apparatus is that 
devised by Reiset and described in Hempel’s {< Methods of Gas 
Analysis.” By using this contrivance it would have been possible 
to deal with very large quantities of air, and to attain a corre¬ 
sponding accuracy; but there is one serious objection to such a 
procedure, namely, the risk of decomposing the ozone catalytically 
during its passage through the fine perforations in the platinum 
disks. This risk would probably be serious even if glass disks were 
used in place of platinum, for it is known that ozone is decomposed 
by contact with broken glass. The alternative method is to shake 
the reagent with a known volume of air in a closed vessel, but if 
this is dpne the maximum quantity of air that can be conveniently 
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dealt with is about 7 litres, which may be expected to contain not 
more than 0*02 milligram of ozone. This is just ten times the 
quantity that can be detected by any process involving a titration 
of iodine, and since no other titration process is so sensitive it was 
necessary either to sacrifice accuracy or to employ a more sensitive 
method. After prolonged trial of various processes—chiefly modi¬ 
fications of Rothmund and Burgstaller’s—we finally adopted the 
one which will now be described. Its trustworthiness and accuracy 
will be discussed later. 

In principle the method is extremely simple, and depends on the 
reaction between ozone and alkali nitrite in aqueous solution, a 
reaction which we have found to take place quantitatively accord¬ 
ing to the equation: 

0 3 -f NaN0 2 = 0 2 + NaNO s . • 

Two samples of air are taken and collected in 7-litre stoppered 
bottles. One sample is admitted through two tubes containing 
respectively chromic acid and powdered manganese dioxide, and 
the other through, a tube containing chromic acid only. The 
samples thus collected are shaken with a dilute standard solution 
of sodium nitrite made slightly alkaline, and the nitrite content of 
the bottles is subsequently determined colorimetrically by the 
Griess-Xlosvay method (production of red dye with a-naphthylamine 
and sulphanilic acid; see Sutton's <c Volumetric Analysis/' 9th ed., 
p. 449). The first sample of air contains only nitrogen peroxide, 
the ozone and hydrogen peroxide having been destroyed, and the 
increase in the quantity of nitrite in the bottle is equivalent to the 
nitrogen peroxide absorbed. The second sample contains ozone 
and nitrogen peroxide, and the difference between the quantities 
of nitrite in the two bottles after shaking is equivalent to the ozone 
present. The particulars of the procedure at present adopted are 
as follows, and since the success of the method depends on the care 
observed, in attention to small details, these will be dealt with rather 
fully. 

The vessels used for collecting the air are 5-kilogram “ ammonia ” 
bottles with glass stoppers, and have a capacity of about 7 litres, 
They are cleaned thoroughly with chromic acid mixture, washed 
with purified water, and afterwards left for several days full of 
ozonised air to remove all traces of oxidisable matter. The stoppers 
must fit accurately and he free from grease. The samples of 
air are collected over water, and it is necessary that the latter 
should be quite free from dissolved impurities, particularly nitrous 
acid. We prepare a large quantity of distilled water of suitable 
purity and keep it in a stock bottle protected from the atmosphere, 
the; same water being used repeatedly, and .tested;'at frequent 

'■ / . -, ■ • * • -' - r 
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intervals. The 'maimer of Oiling the bottles with air is important, 
the following method having been found the most satisfactory. 

The bottle (4) is first filled completely with purified water, and a 
rubber stopper is then pushed into the neck. This stopper carries 
two tubes, of which one (73) admits air, whilst the other (G) serves 
as an exit for the water. The tube, ((f) is about 30 cm, long and 
of 3 mm. bore, and projects only 1 or 2 rnm. inside the stopper, the 
other end being provided with a tap. (B) is of capillary bore, and 



passes to the bottom of the bottle. Outside the stopper it is sealed 
to the tube> or tubes containing the chromic acid and manganese 
dioxide: only sealed glass junctions are permissible in this system 
of tubes. On inverting the whole apparatus and opening the tap, 
the bottle fills with air, the volume of which is equal to thrt of 
the water that escapes. The object of this arrangement is, of 
course, to avoid bubbling the air through water, which might 
deprive it of part of the ozone and oxides of nitrogen. The tap is 
regulated so that air enters at the rate of about X litre per minute. 
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Th© chromic acid tube has a bore of 1 cm., and may be either 
straight or U-shaped. It is filled with glass beads coated with 
purified solid chromic acid, and for safety these beads should 
occupy 30 cm. of the tube. Chromic acid purchased as “pure” lias 
been found to contain traces of nitric acid, and contaminates air 
passed o-ver it with nitrogen peroxide. The reagent is therefore 
prepared by precipitating barium chromate, washing this thor¬ 
oughly with water, and then digesting it with moderately dilute 
sulphuric acid, free from nitric acid. The solution of chromic acid 
thus obtained is treated with sufficient baryta water to remove 
any sulphuric acid, and is then concentrated on a water-bath until 
it becomes pasty. At this stage the glass beads are stirred into it, 
and are then introduced into the tube that is to be used, and dried 
in a current of air at 100°. 

The manganese dioxide is mixed with asbestos wool that has been 
well washed and ignited, and the mixture is packed into a tube 
which may safely be one-half the length of the chromic acid tube. 
It is necessary to test the manganese dioxide, since some specimens 
contain traces of alkali or of manganous oxide, and may take up 
small amounts of nitrogen peroxide. 

When the samples of air have been collected the rubber stoppers 
are withdrawn and immediately replaced by the glass ones. The 
latter are then lifted just sufficiently to admit th© point of a 
pipette, and the following liquids are introduced : (1) 25 c.c, of 
A /40,000-sodium nitrite, made up with F/ 1000-sodium hydroxide 
in place of water; (2) 100 c.c. of pure water. The water used in 
these experiments must, of course, be proved free from nitrous acid 
or any other impurity that could affect the result, and the sodium 
hydroxide must be prepared from metallic sodium and purified 
water, since the solid as purchased always contains traces of 
nitrite. After the introduction of the liquid, the stoppers are 
secured and the bottles shaken for at least half an hour on a 
shaking machine'. The contents of each separately are then mad© 
up to 250 c.c. These solutions are examined separately in the fol¬ 
lowing way. Fifty c.c. are mixed with 5 c.c. of the Griess—Ilosvay 
reagent in a small stoppered flask, which is then kept in a water- 
bath at 75° for ten minutes. At the same time 50 c.c. of a standard 
sodium nitrite solution (N/ 400,000) is treated in exactly the same 
way. The solutions are then placed in th© observation tubes of a 
Duboscq colorimeter and their strengths compared. Headings are 
taken for eight different positions of the tubes. 

A simple formula can be obtained for calculating the results : 

let F = c.c. of air collected through chromic acid, 

r = ratio of length of column of standard solution to that 
of column of experimental solution* 
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Then the* volume concentration of nitrogen peroxide* will be 
1 in F/0*014(r — 1) of air. And if 

F / =c.o. of air collected through chromic acid and manganese* 
dioxide, 

r r = ratio of length of column of standard solution to that of 
column of experimental solution, 

the volume* concentration of ozone* will be 1 in l/0*0G7(*r/ F — 
r ! l Y f ) of air, assuming that nitrite solutions of the strengths given 
above are used. 

It is, of course, possible to estimate* hydrogen peroxide in addi¬ 
tion to ozone and nitrogen peroxide, by collecting a third sample of 
air which lias not been passed over any reagent, and treating it 
in exactly the same* way as the other samples/ 1 ' but probably this 
determination would be* unsatisfactory in any place where the* air 
was not exceptionally pure,” especially if traces of sulphur 
dioxide or hydrogen sulphide were present. 


Critical E:rarriination of the Foregoing Method. 


Since it is claimed that the process just described is more trust¬ 
worthy than those previously used for the determination of ozone 
and oxides of nitrogen in the atmosphere, and should replace them, 
it will be well to state the grounds on which that claim is based. To 
give full experimental details would make this paper inordinately 
long; we shall therefore mention only the results of a number of 
experiments which have been made to test various possible sources 
of error. 

In the first place, the reaction on which the method is based is 
complete even at very great dilutions. This was proved by shaking 
a small quantity of exceedingly dilute nitrite solution for half” an 
hour with air containing, in one case, a slight excess of ozone, and 
in the other a slight deficiency; it was impossible afterwards to 
detect nitrite in the first or ozone in the second. The nature of 
the reaction could not be investigated at very great dilution owing 
to the absence of a standard method by which to* check the. estima¬ 
tion of ozone, but it was elucidated in the case* of ozone concentra¬ 
tions between 0*01 and 0'08 per cent, by the application of the 
potassium bromide method. Two bottles were filled simultaneously, 
through a T-tube, with feebly ozonised air, and the percentage of 

* It has been found that hydrogen peroxide does not oxidise nitrite in 
alkaline or neutral solution, but does so rapidly in acid solution. In esti¬ 
mating hydrogen peroxide it is therefore necessary to acidify the liquid. 
This must be done just before addition of the Griess-Ilosvay reagent. 
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ozone in it was determined by the nitrite and bromide methods 
respectively. Four experiments gave the following results; 

I. II. III. IV. 

Nitrite method. 0-0263 0*0136 0-0124 0-0802 per cent. 

Bromide method ... 0-0254 0*0127 0-0124 0-0800' 

The calculations were made on the assumption that one molecule 
of ozone reacted with one of sodium nitrite, and the satisfactory 
agreement shown by the figures proves that assumption to be justi¬ 
fied. The following facts were established by further experiments. 

(1) When purified air is shaken with water or an aqueous solu¬ 
tion for one hour, no detectable quantity of ozone is produced. 

(2) Ozone at a great dilution is not appreciably destroyed when 
shaken with water for one hour. 

(3) Hydrogen peroxide present as vapour in air is completely 
destroyed * by passage of the air, at a rate not exceeding 1 litre per 
minute, through a chromic acid tube prepared as described above. 

(4) Ozone is completely destroyed by passage through a tube con¬ 
taining asbestos-wool mixed with manganese dioxide. 

(5) Ozone is not affected by passage over chromic acid. 

(6) Nitrogen peroxide is not absorbed from air containing it by 
solid chromic acid f or by manganese dioxide, provided the latter 
contains no alkali or manganous oxide. 

(7) N /400,000-Sodium nitrite solution undergoes no alteration 
in strength by shaking for two hours with purified air. 

(8) If air containing nitrogen peroxide is passed through a tube 
of manganese dioxide (a) alone, and (6) with ozone, the amount of 
nitrogen peroxide recovered is in each case the same as that which 
was introduced. 

Effect of Impurities. 

The presence in air of traces of ammonia, sulphur dioxide, and 
hydrogen sulphide does not interfere with the- estimation of ozone 
and nitrogen peroxide, since all three gases are completely 
absorbed during passage through the chromic acid tube. Air 
charged with small quantities of these impurities was passed through 
the chromic acid tube and afterwards shaken with a sensitive 
reagent, and in no case was the latter affected. Nessler’s reagent 
was used for detecting ammonia, dilute permanganate for sulphur 
dioxide, and an alkaline lead solution for hydrogen sulphide. It 
is difficult to say whether traces of ammonia would affect the festi- 

* By “ completely destroyed” w© mean that the quantity of substance 
remaining was undetectable by the most delicate tests. 

t Even chromic acid solution absorbs nitrogen peroxide with great diffi¬ 
culty* In on© experiment several hours’ shaking was necessary before it 
became impossible to' detect nitrogen peroxide in the residual air* 
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mation of hydrogen peroxide, but the other two gases would cer¬ 
tainly invalidate it. For this reason we attach no importance to 
the nitrite process for the determination of hydrogen peroxide, 
although it might be used in places far removed from towns and 
railways, where sulphur compounds can be shown to be absent. In 
this connexion we would point out that the estimation, and even 
the detection, of hydrogen peroxide in the atmosphere presents 
great difficulties. Hitherto titanium sulphate has been used for 
the purpose, but since nitrous acid immediately destroys the yellow 
colour produced in that reagent by hydrogen peroxide, and ozone 
does so less readily, it is clear that the absence of a coloration does 
not prove the absence of hydrogen peroxide, although the produc¬ 
tion of the colour would be a qualitative proof of its presence. 

Other impurities likely to b© present in air are probably without 
any effect on the process. Chlorine or hydrochloric acid would 
make the estimation of nitrogen peroxide impossible, but would 
not affect that of ozone. 

A ccuracy . 

The accuracy of the determination is limited by that of the final 
comparison of colours, provided the experimental solutions are 
“ developed ” by the Griess-Ilosvay reagent always under the same 
conditions. In order to find the degree of accuracy obtainable, two 
equal quantities of the same nitrite solution were u developed ” and 
compared. The mean ratio of the lengths of the columns of liquid 
given by eight readings was T012 instead of the correct value, 
1*000. This error corresponds with 1 part of ozone (or nitrogen 
peroxide) in 25 millions, and is therefore unimportant, for a differ¬ 
ence of this order of magnitude possesses no interest. A source of 
error was certainly present in our own experiments, in the chang¬ 
ing of the stoppers of the bottles containing the samples of air, and 
in lifting them for the purpose of introducing liquid. The amount 
of diffusion that could take place in two seconds through the neck 
of a bottle of 7 litres’ capacity must, however, be very small, and 
the remedy is obvious, although we were unfortunately not able 
to apply it. 

Results of Determinations, 

Hitherto only fourteen complete determinations have been 
made, covering the period between July, 1916, and January, 1917, 
The results are interesting chiefly because on no occasion was any 
ozone found. Indeed, with two exceptions, no one* of the three 
substances looked for was found in a quantity exceeding 1 in 
20 millions. On November 18th, and again on the 22nd, nitrogen 
peroxide was present to the extent of 1 part in 5 millions and 1 in 
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4. millions respectively, the weather having been thundery, with 
very little rain, during the preceding week. The twelve negative 
results show, more clearly than argument, the trustworthiness of 
the process adopted, in the sense that in spite of its delicacy (the 
Griess-Ilosvay reagent used in the way we have described is sensi¬ 
tive to 1 part of nitrogen peroxide in 56 millions of air) it is 
possible with care to obtain concordant results. 

The interpretation of the results may well be deferred until a 
much greater number, covering a longer period, are available. We 
may remark, however, that there is some ground for the opinion 
that ozone and nitrogen peroxide never occur together in the atmo¬ 
sphere. It has been shown that, at moderate dilutions, ozone 
rapidly oxidises nitrogen peroxide, so that the latter substance 
cannot be detected, for example, in the air from an ozoniser, whereas 
nitric acid is found in water through which such air is passed 
(compare Chapman and Jones, T., 1911, 99, 1813). If this oxida¬ 
tion takes place at the great dilutions in which ozone must be 
supposed to exist in the atmosphere, it not only helps to explain 
the surprisingly small quantities both of ozone and of nitrogen 
peroxide found, but may also be considered an important factor 
in the production of the nitric acid which is a normal constituent 
of air. 

Central College, 

Bangalore, S. India. [Received, May ISth, 1917.] 


Ij’XVIIL —Compounds of Ferric Chloride ivith Ether 
and with Dibenzyl Sulphide. 

By Aquila Forster, Christopher Cooper, and George Yarrow. 

The work described in this paper was brought to a close in August, 
1914, and as an early return to these investigations does not seem 
probable, it is thought advisable to place on record such results 
as were obtained. 

As examples of double compounds of metallic chlorides with 
ether may be quoted 

GlCl 2 ,2(C 2 H,) t ,0 (Atterberg, Ber., 1876, 9, 856). 

AlBr 8 ,(C 2 H fl ) a b; HgBr 2 ,3(C 2 H G ) 2 0; S'nBr 2 ,(C 2 H 5 ) 2 0 (Nicklfc, 
Jahresber*, 1861, 200). 

TiCl 4 ,(C 2 H 6 ) 2 0 (Bedson, Journ, Ghem. Soe 1876, i, 311). 

In the following work, a double compound of ferric chloride 
and ether has been isolated and its properties have been examined. 
YOLHOXZ. X K 
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It lias been found to combine with ammonia and with organic 
amines, forming insoluble, unstable complexes. 

A double compound of ferric chloride with benzyl sulphide has 
also been isolated. With benzyl chloride it forms tribenzyl- 
sulphinium chloride t'errichloride, a compound prepared by Hof¬ 
mann and Ott 1907, 40, 430) by the condensation of 

benzyl sulphide, benzyl chloride, and ferric chloride. By means 
of these reactions, tribenzy 1 sulphinium cyanide ferrichloride has 
been prepared, from which the free salt, tribenzylsulphinium 
cyanide, has been isolated. 

E X PERIMEN T A L. 

Ether Ferric Chloride . 

Ten grams of anhydrous ferric chloride were added gradually 
to an excess of pure dry ether. The ferric chloride dissolved with 
the ©volution of much heat, and during addition the mixture was 
cooled. The solution was placed in a desiccator, the excess of 
ether distilled off under diminished pressure, and the residue dried 
on a porous plate in a vacuum for several days. The product was 
a dark red, highly deliquescent solid, soluble in benzene, alcohol, 
or water : 

0*6390 gave 0*2305 Fe 2 0 3 and 1*1293 AgCL F© = 25*2; 

Cl=44*02. 

C 4 H J0 O,FeCl 3 requires Fe = 23*7; Cl = 45*0 per cent. 

In boiling benzene solution no chlorination was observed. 
Alcohol and water immediately decompose the compound into 
ferric chloride and ether. 

Action of Heat on Ether Ferric Chloride. 

At 100° ether ferric chloride slowly decomposes with the evolu¬ 
tion of ethyl chloride. This decomposition lakes place quantita¬ 
tively at higher temperatures over the free flame, pure ethyl 
chloride being obtained according to the equation: 

(C>H 5 ) 2 p,FeCl 3 = 2C 2 H 5 C1 + FeOCl. 

The ethyl chloride burnt with the characteristic green flame 
and gave a precipitate of silver chloride with a solution of silver 
nitrate in nitric acid. The gas was condensed in tubes in a freez¬ 
ing mixture, and the weight obtained corresponded closely with 
the loss m weight of the ether ferric chloride in agreement with 
the above equation. The liquid ethyl chloride boiled at 12—13° 
and its vapour density was found to be 35*5 (calc., 32*2), In one 
experiment 19*5 grains of the compound lost, on heating, 10*1 
grams, or 52 per cent., whilst the theoretical loss, according to the 
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above equation, is 54 per cent. The ethyl chloride collected 
weighed 9’5 grams. 


The Action of Ammonia on Ether Ferric Chloride . 

On passing dry ammonia gas into a solution of ether ferric 
chloride in cold ether or benzene, a brick-red, amorphous powder 
separated. This was non-hygroscopie, insoluble in organic solvents, 
and was immediately decomposed with water or alcohol. With 
water, some samples dissolved, whereas others deposited ferric 
hydroxide, with solution of ammonium chloride. • An analysis 
showed that the ammonia absorbed varied indefinitely from one 
to five molecules per molecule of ether ferric chloride, and a pro¬ 
duct of definite composition was not prepared, although 210 doubt 
this could be effected by the us© of solutions of ammonia in place 
of ammonia gas. On destructive distillation, these substances gave 
ammonia and ethylaniines, etc. 

Aniline forms a double compound with ether ferric chloride 
which separates in dark brown plates, decomposing at 90° before 
melting. 

Compounds of Ferric Chloride and Benzyl Sulphide. 

Benzyl Sulphide Feme Chloride. —Molecular proportions of 
benzyl sulphide and ferric chloride were dissolved in the minimum 
amounts of ether, and the well-cooled solutions were mixed. The 
mixture was allowed to remain for several hours, during which 
an evolution of heat was evident, and a brownish-yellow mass 
separated. The product, after filtration and washing with dry 
ether, was obtained as lemon-yellow, minute crystals, rapidly 
becoming brown on contact with the moist atmosphere. It is 
soluble in chloroform, sparingly so in alcohol, and insoluble in 
ether or acetone. It was purified by crystallisation from hot 
anhydrous alcohol or chloroform, and melted at 94°: 

0*3371 gave 0*0711 Fe 2 0 3 . Fe = 14*90. 

(C 7 H 7 ) 3 S,Fed 3 requires Fe = 14*87 per cent. 

Benzyl sulphide ferric chloride is distinguished from tribenzyl- 
sulphinium chloride ferrichloride, which it resembles, by only a 
slight colour change when brought into contact with water. 1 On 
remaining for some hours under water, it completely dissociates 
into benzyl sulphide and ferric chloride. Alkalis at once dis¬ 
sociate benzyl sulphide ferric chloride, forming benzyl sulphide and 
ferric hydroxide. 
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Condensation of Benzyl Sulphide Ferric Chloride with Benzyl 

* Chloride . 

The readiness with which benzyl sulphide and benzyl chloride 
combine to form tribenzylsulphinium chloride in the presence of 
ferric chloride is probably due to the intermediate formation of 
benzyl sulphide ferric chloride. This view is supported by the 
ready condensation of benzyl sulphide ferric chloride with benzyl 
chloride. 

Benzyl sulphide ferric chloride (10*3 grains: 1 mol.) dissolved 
in 50 c.c. of chloroform was added to a solution of 4 grams (1 mol.) 
of benzyl chloride in chloroform. The mixture remained in a 
closed vessel overnight, and was then allowed to evaporate. 

Yellow needles were obtained, and identified as tribenzyl. 

sulphinium chloride ferrichloride (m. p. 98*5°). 

Benzyl sulphide ferric chloride does not condense with ethylene 
dibromide, with bromoacetic acid, or with benzyl alcohol. In 
agreement with this is the singular fact that benzyl sulphide does 
not form sulphinium derivatives with these compounds when 
brought together in ethereal solution with ferric chloride; in each 
case only benzyl sulphide ferric chloride was obtained. 


Decomposition of Benzyl Sulphide with Ferric Chloride . 

When benzyl sulphide or dibenzyl disulphide and ferric chloride 
in molecular proportions were heated together at 100° for two to 
three hours, tribenzylsulphinium chloride ferrichloride (m, p. 
98*5°) in approximately one-half molecular equivalent was formed. 
The filtrate, after washing the product with dry ether, was found 
to- contain much ferrous iron, but no iron sulphide, and its con¬ 
tents, proving to be of a complicated nature, were not further 
identified. 

Similarly, dibenzyl disulphide, benzyl chloride, and ferric 
chloride in molecular proportions in ether do not give a iiexa- 
benzyldisulphiniuin chloride derivative, but tribenzylsulphinium 
chloride ferrichloride, together with the decomposition products 
mentioned above. This decomposition of dibenzyl disulphide is in 
agreement with its well-known hydrolysis with alkalis into benzyl 
mercaptan and the complex decomposition products of benzyl 
sulphydroxide. 
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Action, of Ammonia on Tribenzyhulphinium Chloride 
Ferrichloride. 

Ammonia gas is absorbed by a solution of tribenzylsulphiniuni 
chloride ferrichloride, and an insoluble, brown, amorphous solid is 
formed, melting at 80—85°. It was unstable towards water, and 
analyses indicated three equivalents of ammonia per molecule, but 
they were not completed. Aniline and tribenzyl sulphinium 
chloride ferrichloride combine in chloroform solution to form in¬ 
soluble, yellowish-green plates, which decompose before melting. 


Trib enzylsulphmium Chloride. 

No means were found for the preparation of tribenzylsulphiniuni 
chloride in a state of purity. It was obtained from tribenzyl- 
sulphinium. chloride ferrichloride by removal of the ferric chloride 
with alkalis as a viscous oil, which, contrary to former statements, 
was found but sparingly soluble in cold water. It appeared in¬ 
different to solutions of mineral salts, and no double decomposi¬ 
tion reactions were obtained. The rapid dissociation of tribenzyl¬ 
sulphiniuni chloride into benzyl sulphide and "benzyl chloride was 
very apparent; it takes place in contact with water and is com¬ 
plete in three to four hours, and benzyl sulphide is generally to 
be found as a,by-product of the reactions of its derivatives. The 
oil obtained as tribenzylsulphiniuni chloride doubtless contained 
benzyl sulphide and other products of decomposition. 

Trib cmylmlphinhwi Cyanide Ferrichloride f 
(C 0 IT n * Clio) a BCN,Fe Cl a . 

Molecular proportions of benzyl sulphide and benzyl cyanide 
(plienylacetonitrile) were dissolved in dry ether and added to a 
well-cooled solution of ferric chloride in ether. The mixture was 
cooled and kept in a desiccator overnight, when a mass of crystals 
separated. They were collected, washed with ether, and obtained 
in lemon-yellow crystals melting at 76°, insoluble in ether, but 
soluble in alcohol or chloroform: 

0-2091 gave 0*4103 C0 2 and 0*0812 H 2 0. 0 = 53*50; 11 = 4*31. 

0*5301 „ 0*01596 (gram) N 2 . N = 3*01. 

0*3163 „ 0*0504 FeAV Fe- 11*10. 

0*2800 „ 0*1329 BaS0 4 . 8 = 6-52. 

0 22 H 21 MS,FeC'].* requires 0 = 63*5; H=4‘29; N = 2*84; Fe = ll*32; 

. 8 = 6*50 per cent, 

Tribenzylsulphiniuni cyanide ferrichloride was also prepared in 
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good yield by the condensation of benzyl sulphide 'ferric chloride 
and, benzyl cyanide in molecular proportions in ethereal solution, 
and identified, by the mixed melting-point test, with the product 
described above. 

On the addition of tribenzylsulpliiuium cyanide fend,chloride to 
water, only a slight colour change takes place, and no compound 
corresponding with the red bistribenzylsulphinium chloride fern- 
chloride, [(C G H 5 *CH 2 ) a SCL] 2 ,PeC h was obtained. 

Trlb emylmilyhmmm Cyanide., (C r( H r ;CH 2 ) 3 SCN. 

To a warm solution of tribcnzylsulphinium cyanide ferrichlorido 
in alcohol was added an excess of ammonia .solution (I) 0 * 88 ). 
The precipitated ferric hydroxide was separated by filtration and 
tribe nzylsulphinium cyanide crystallised from the filtrate. It 
forms large, white prisms melting at 41°, and is only sparingly 
soluble in water, but readily so in organic solvents: 

0*1355 gave 0*3932 C0 2 and 0*0782 H 2 0. C = 79*89; H = 6*4L 

0*2105 „ 0*1492 BaS0 4 , S = 9*74. 

0*6506 „ 0*0288 (gram) N a . N=4*50. 

C 22 H 21 NS requires 0 = 79*76; H'=6*34; S = 9*67; N = 4*23 per cent. 

Tribenzylsulphiniurn cyanide gave no double decomposition with 
mineral salts in solution. It condensed readily with ferric chloride 
in anhydrous solution, forming tribenzylsulphiniurn cyanide ferri- 
chloride. A double compound of tribenzylsulphiniurn cyanide and 
platinum chloride was precipitated from an aqueous alcoholic 
solution in minute, sparingly soluble, red crystals melting at 162°: 

0*6890 gave 0*1378 Pt. Pt=20*0. 

C«H 42 S 0 N 4 PtCI 4 requires Pt=19‘0 per cent. 

The dissociation of tribenzylsulphiniurn cyanide in contact with 
water was complete in a few hours, benzyl sulphide arid benzyl 
cyanide being formed. The reverse reaction, the direct combina¬ 
tion of benzyl sulphide and benzyl cyanide, was not found to take 
place, in twelve hours 7 heating on the water-bath. Hydrolytic, 
agents invariably dissociated tribenzylsulphiniurn cyanide into 
benzyl sulphide and benzyl cyanide and its products, and no deriv¬ 
ative of the original material could be prepared. 

Preliminary experiments indicated that the reactions described 
also take place when mercuric chloride is used instead of ferric 
chloride, and it was proposed to examine the decomposition of 
benzyl sulphide and dibenzyl disulphide with this condensation 
agent. , 

Armstrong College, 

Nbwcastle»on-Tyne. 
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LXIX .—The .Effect of Additional Auxochromes on 
the Colour of Dyes . Part II. Tviphenyhnethane 
and Azo-dyes. 

By Praphulla Chandra G-hosh and Edwin Roy Watson. 

In two previous papers from this laboratory (Medhi and Watson, 
T., 1915, 107, 1581; Meek and Watson, T., 1916, 109, 544) the 
effect of multiplying the auxochrome groups has been studied 
spectroscopically in the xanthene and anthraquinone groups of 
dyes. In the present paper the investigation has been extended 
to some azo~ and triphenylmetliane dyes, and some phenylfluorone 
dyes have been prepared, but have not yet been examined spectro¬ 
scopically. The results here recorded have been obtained by 
observing with an ordinary spectroscope the positions of the edges 
of the absorption bands in solutions of different concentrations. 
Experience gained with the anthraquinone group has shown that 
it is much preferable to investigate the absorption spectra by 
means of a spectrophotometer, and it is hoped that the present 
work may subsequently be checked by the use of that instrument ; 
but the results already obtained are now published, as it is un¬ 
likely that the authors will have further opportunity to study the 
subject together. 

Little insight has yet been obtained into the mechanism by 
which additional auxochromes affect the absorption spectra. In 
fact, the effects produced are very different in different cases, and 
little explanation is as yet forthcoming as to why such varying 
effects should be produced. In some cases the multiplication of 
auxochromes produces the comparatively small effect of strengthen¬ 
ing and broadening the absorption bands without much effect on 
their positions, as, for example, in the azobenzene series. In other 
cases the bands are shifted to a considerable extent, but remain 
of about the same breadth. In some cases the breadth is much 
affected; it may be either increased or diminished, whilst yet 
again in other cases additional bands appear. Even in the same 
series very diverse effects may be produced for no apparent reason. 
Apparently much more material is required before any explana¬ 
tion of the effects can be offered. 
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Absorption Spectra Examined. 

A zo-(jroup. 

Aminoazobonzene . C«H 5 *N a ’C 6 H 4 *NH.j 

Chrysoidin©. C 6 H n *N,,[ 1]*C) fi II <7 (NH l J li ,[2 :4] 

4 ; 4 / -Diaminoazobenzeno NH. 2 ‘C 6 H 1 *Ny*C c H 4 *N Ho 

Benzonoazophenol. C 6 H 5 *NyC c H 4 *OH 

Benzenoazoresorcinoi ... C l? H 5 ‘No[I]'0 8 H 3 (OH) !! [2 :4 j 

Benzeneazoquinol. C„H 5 *No[ I]'C 8 H 3 (OH).ji2 : 5] 

Benzeneazocatechol . OfiH n ^N 2 Ll]*O c H 3 (OH).J 3 : 4J 

Benzeneazopyrogallol ... C^Hr/Nol. 1 ]'C 8 H a (OH) a [2:3:4] 

(Benzoneazo- a -naphthol.. C G FX r; * N.,[ 13'0 , 0 H (i * 014 [4 j 
Absorption spectrum recorded by Tuck, T., .11)09, 95, 1 809.) 
p-Hydroxy benzoneazo -a- 

naphthol .. OH-C <i H 4 ‘N,[i;i-C 10 H«-OH[4] 

Benzoneazo * jS-naphthol.., 0 8 H 5 *N a L 1 ]*C,„H 8 *OH[2] 
p - Hy cl roxy benzonoaz o - $ - 

naphthol.. OH-CcH, i -N,j;i]-C t0 H 8 -OIIi;2] 


In dilute 
hydrochloric 
sudd solution. 

In dilute 
potassium, 
hydroxide 
solution. 


Tn dilute 
potassium 
hydroxide 
solution. 


Benzoneazo- 0 - naphthyl - ) In dilute 

amine ... C,H 5 'N 2 [l]*O 10 H fl *NH,[2] I hydrochloric 

p*Hydroxybenzeneazo-/3 - I acid 

naphthylamine . OH*C 8 H 4 *N iJ [l]*C 10 H a *NH 1! [2] I solution. 


Benzeneazo-1 : 5-di« \ 

hydroxynaphthalene,.. * 0 6 H 5 *N 2 [ 1 ] * C 10 H S (OH ),£4 : 8] 
p-Hydroxy benzene azo- In dilute 

1 : 5-dihydroxynapht.h- potassium 

alene..... OH*O 8 H 4 -N a [I]-C l0 H 6 (OH),I4: 8] hydroxide 

p-H ydroxy benzoneazo- solution. 

1:3-dihydroxynaphth- 

alene..... OH-O 8 H 4 -3Sr,[l]-0j 0 H 5 (OH) 2 [2 s4] 


The results are recorded in Figs. 1—6.* 

It will be observed that the effect of adding a second amino- 
group to aminoazobenzene is slight. When the second amino 
group is added to the same benzene nucleus, the front edge of the 
band (the edge nearer the red end of the spectrum) is shifted 
slightly towards the red; when the second amino-group is added 
to the other benzene nucleus, the edge of the band is shifted 
slightly towards the blue. 

The effect of adding a second hydroxyl group to benzoneazo 
phenol, is similar. When the second hydroxyl group is added to 
the same benzene nucleus, the front edge of the band is shifted 
towards the red. Two additional hydroxyl groups in the same 
benzene nucleus produce the same general effect, namely, a shift, 
of the front edge of the band towards the red. The shift is 
greatest in the case of benzene azocatechol, then come benzeneazo 
pyrogallol, benzeneazoquinol, and benzeneazoresorcinol in order, 

* Compare Tuck (T., 1907, 91, 450) for absorption spectrum of bonzeno* 
azophenol; Hewitt and Thole (T., 1910,97, 513) for aminoazobenzene, and 
Hartley (T., 1887, 51, 156) for chrysoidin©. 
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according to the displacement produced. These results are in 
agreement with the generalisation already pointed out (Meek and 
Watson, loc. tit., 558), that two hydroxyl groups in the o- or 
^-position with respect to one another give a deeper colour than 


Fig. 1. 


- Aminoazobenzene } With 20 times the theoretical 

~~ Ghrysoidine l quantity of hydrochloric 

. 4 :4' - Diaminoazobenzem J acid . * 



Fig, 2. 



Benzeneazophenol 
Benzeneazopyrogallot 
Benzeneazocatccho l 
B enzeneazo guino l 
Benzemazoresorcinol 


j With 20 times the 
I theoretical quantity 
I of potassium hydr¬ 
oxide. 


two hydroxyl groups in the m-position. The effect of two hydroxyl 
groups in the e-position with respect to one another is greater 
than that of three adjacent. (The blue colour of benzeneazo- 
quinol in potassium hydroxide is fugitive, and the absorption 
spectrum of this blue solution could not be observed.) 

X K® 
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Hewitt (T., 1909, 95, 1995) lias recorded the absorption spec- 
trura of aroinobeuzeijeaKopheiiol in dilute hydrochloric acid. Com¬ 
paring it with that of aminoaznbenzoiie, wo see Unit in this case 
also the additional aiixochromc has shifted the front edge of the 
band towards the red. Hewitt’s observations extend into the 
ultra-violet, so that the effect of the additional anxochroane can 
be- more completely described. Aminoazobenzene in dilute hydro¬ 
chloric acid solution lias two bands, one partly in the visible 
spectrum and the other completely in the ultra-violet. T3ie addi¬ 
tional auxochronio shifts 'both bands a little towards the red and 
increases their persistency. 

Fie. X 

Wave-lengths. 


7000 60 62 68 54 5000 46 42 



Bertzmeazo - a-naphthol with sodium alkyl-oxide. (Tuck.) 
p*Hydroxybemeneazo-a-n<ipkthol with 20 times the 
theoretical quantity of potassium hydroxide. 


The addition of a hydroxyl group to the benzene nucleus of 
benzeneazo-a-naphthol produces only a slight increase in the per¬ 
sistency of the hand, but if the extra group is added to the 
naphthalene nucleus in the ^-position with respect to the 
original hydroxyl group, the band is nob only strengthened, but 
is shifted a long way towards the red. Two additional hydroxyl 
.groups, one in the benzene nucleus and the other in the naphtha¬ 
lene nucleus in the ana-position with respect to the original 
hydroxyl group, have an additive effect, so that the band is shifted 
a little further than in the case of benzeneazo-1:5-dihydroxy- 
naphthalene and is made still a little stronger. Two additional 
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hydroxyl groups, on© in tlie 'benzene nucleus and tlie other in the 
/'//‘•position with respect to the original hydroxyl group in the 
naphthalene nucleus, produce scarcely any shift of the original 
absorption band, but only a strengthening. This result is in 
agreement with our previous experience that an auxochrome added 
in the ///.-position with respect to one already present has very 
little effect on the absorption. 

Very different is the effect of the addition of a hydroxyl group 
to the benzene nucleus of benzeneazo-j3-naphthol, which not only 


Fxa. 4. 

, Wave-lengths. 



Bcnzeneazo-a-yiaphthol with sodium alkyloxide . (Tuck.) 


JSenzeneazo-l : B-dihydroxynaphthalene 
p - Ilydroxybenzeneazo - 1: &-dihydroxynaphthalene 
p« Tlydroxybcmmcazo -1: Z-dihydroxynaphtka'lene 


r With 20 times 
the theoretical 
quantity t of 
po tass iuin 
^ hydroxide , 


shifts the existing band further towards the red, but calls into 
existence an entirely new band still further towards the red. In 
the case of benzeneazo-j8-naphthylamine, a similar addition also 
seems to call into existence a new band, but apparently the already 
existing band is shifted backwards, that is, towards the ultra¬ 
violet. This may b© because the additional auxochrome, that is, 
the hydroxyl, group, cannot exert its full effect in the acid solu¬ 
tion. (It is, however, to be regretted that the absorption spec¬ 
trum of benzeneazo-jS-naphthylamine was not more completely 
observed.) 

K X* 2 
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TrJ phf tryf met ha tit' Grtm /). 


Maluchito-groon ... ( < 0 H 4 -O(C 8 H 4 -NM<v):0, ; H 4 :NMo.,OI 

4-Hydroxymala- In. dilute 

chito-green . OH/C G H 4 *(!{O ti H il , N T 4 :NMo :! 01 hydro- 

3 :4‘Diliydroxy- ■ chloric 

i nalachito -groan (OH).AH u *C(C 6 H 4 *NMo y ):0 6 H 4 :NMooCI add 

2:3:4-T.ri hydroxy- ** .solution 

ma,l aehi to - green {OH) 3 C fl H/0(C c H 4 -NMo.,): C c H 4 :NM(\D1 J 

Anriri .. C(C < ;H 4 *0H),:0 (J H, 1 :O 

Resnurin. C([lJO (l H 8 (OfC) a [2 : 4J),:[1]C 6 H 3 (0H)[2]:0[4] In dilute 

Trihydroxy aur in potassium 

(a) C([ l]C c H 3 (OH).,[3 :4]) 8 :[l]C e H s (0H)[2]:0[4] hydroxide 

Trihy dr o x ya u r i n solution. 

W. C([l]C e H 3 (OH),! 2: 5]),:[1]C 6 H 3 (0H)[2]:0[4] 


Tiie results obtained by introducing hydroxyl groups into tlx© 
phenyl group of malachite-green are very interesting. The band 

Fig. 5. 


Wave-lengths* 



f With 20 times the 

-—- Benzeneazo-jB-naphthol | theoretical quantity 

-- - - i^Hydroxybenzcneazo-Pmaphthol l of potassium 

[ hydroxide, 

of least frequency is shifted backwards, that is, towards the ultra¬ 
violet, whilst the next band is moved forwards from the ultra¬ 
violet into the visible part of the spectrum. Two hydroxyl groups 
in the o-position with respect to one another shift this second band 
further forwards than one hydroxyl group alone is able to do, 
whilst three adjacent hydroxyl groups produce an intermediate 
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died, (compare the effect of additional hydroxyl groups added to 
benzeneazophenoi). These results fall into line with the effect 
produced by the addition of an amino-group to the unsubstituted 
benzene nucleus in Doehne r\s violet, when we pass to pararosaniline, 
or the similar addition of a dimethylamino-group to malachite- 
green, when wo pass to 1 lexamethylpar ar osanili n e. In all these 
(‘ases, the addition of auxochromes to the unsubstituted third 
benzene nucleus shifts the first band (the baud of least frequency) 
backwards, so that the dye becomes lighter instead of deeper in 
colour. We see the same effect if we compare benzaurin (Meyer 


Fig. 6. 


Wave-lengths. 


7000 00 02 58 54 5000 40 42 



j With 20 times the 
ThmzmzaM-ft-mq)hthyl(tmvM > I theoretical quantity 

■j > - / lydroxybe 11 ctenenao-fS-naqrfdhgUmunx j of hydrochtoric 

\ acid. 


and Fischer, Her., 1913, 46, 74) and atirin, so that it appears to 
be quite a general rule in the triphenylmethane group. It seems 
possible to explain this effect by means of the theory put forward 
by one of us (Watson and Meek, T., 1915, 107, 1567) as to the 
nature of the vibrations causing the colour of dyes. In Doebner’s 
violet, malachite-green, and benzaurin the vibration passes back¬ 
wards and forwards through two of the benzene nuclei. In 
pararosaniline, hex arnetllylpararosaniline, and aurin the vibratory 
pulse, after passing through one benzene nucleus, finds two' paths 
open to it, as each of the' remaining nuclei is now capable of 
vibration. We may find a mechanical analogy by comparing 1 the 
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transverse vibration of a string with that of a system of three 
strings, each of half its length, tied together at one point and all 
under the same tension, so that they make enual angles with one 
another. Such a system will vibrate quicker than the simple 
string. In the same way, when all three nuclei of the triphenyl- 
methane molecule are capable of vibrating, the period is less than 
when the vibration is confined to two of the nuclei. In the latter 
case, the unsixbstituted benzene nucleus may be compared to a 
dead weight at the centre of the simple siring, which •would make 


Fig. 7. 

I Vam-lewjthv. 



the vibration slower. By comparing Michler’s hydro! and 
malachite-green, we see this effect. 

Nothing can be said as to the cause of the second band in 
malachite-green and the hydroxymalachite-greens. It may be 
suggested that the first band of magenta, which is obviously com¬ 
pound, is produced by the fusion of the first and second bands of 
Doebner's violet, the second band having been brought further 
forward by the additional amino-group, which can exert its maxi¬ 
mum effect in ' dilute' acid,, solution, than by the hydroxyl groups 
in the hydroxymalachite-greens, which could not exert their full 
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effect in acid solution. Tlio same suggestion may be made as to 
the nature of the first band of aurin, which is also 1 obviously 
compound. 

With regard to the aurin derivatives examined, the series 
is not so complete as was desired. Pyrogallaurin could not 
be obtained by Caros method (Ber. } 1892, 25, 2678), and 
the alkaline solution of catecholaurin fades too rapidly to permit 
of the convenient examination of its absorption spectrum. 
Quinolauriu could not be prepared either by the condensation of 
formic acid and quinol or by Caro’s method (Ber., 1892, 25, 
1941) by the condensation of 3 :6 ; 3^: G'-tetrahydroxydiphenyl- 
methane and quinol. In trihydroxyaurins (a) and (b) the band 
is shifted towards the red and becomes much narrower. As might 
have been expected, where there are hydroxyl groups in the 
o-position with respect to one another, the shift is greater than 
where they are para with respect to one another. In resaurin 
the band is shifted backwards. It may perhaps be suggested that 
in this compound fluorone condensation has occurred. 

The Colour of Some Fluorone Byes . 

The following new compounds of this series have been prepared 
and their colours noted: 

3 - Dimvlhylmniua-Q-p-hydroxyphewyl-b-dimethylfluorime — dyes 
dull red shades. 

3 -IMirwiJiylnmiito-d-o-iydiJtyd/rowyplMnyl-G-M'rnet.hylfluQri'nie —dyes 
red shades on chrome. 

2 : 3 ; l-Trihydxoxy~§<>')fdiliydroxyphenyl-&flmrone — reddish- 
violet in potassium hydroxide solution; dyes reddish-violet shades 
on chrome. 

1:3: &-Trihydroxy~$~(y]>-$ihydroxyphenyl-§-fluorone —orange in 
potassium hydroxide solution; dyes orange shades on chrome. 
Discussion of the colour is reserved until the absorption spectra 
have been examined. 


Experimental. 

’p-ffydroxybemenemo-l: 5-dihydroxynaphthaIene , 

‘ OH*C c HpN 2 *C 10 H 5 (OH) 2 . 

An alcoholic solution of 1:5-dihydroxynaphthalene was .mixed 
with a concentrated aqueous solution of p-hydroxybenzene- 
diazonium chloride, and then excess of sodium acetate was added. 
The precipitate was collected and washed thoroughly with water. 
The substance could not be crystallised, but was extracted with a 
mixture of benzene and alcohol. On concentrating the extract, 
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tlx© pur© dyestuff was deposited. It melts at 213—21 5°, and dyes 
reddish-violet shades on alum- or chrome-mordanted wool. Full 
dyeings are obtained with 2 —3 per cent, of the dyestuff. The 
yield is almost theoretical: 

0*1038 gave 8*8 c.c. N* at 25° and 763 mm. N = 9*7. 

C 10 Hi 2 O 3 N 2 requires N = 10*0 per cent, 

\y~Hydro ,ryb enzen ea$o~ 1: Z-dih ydroxy a uph t ha I an e , 
OH*C c H 4 -N 3 *O 10 lT f( (OH) 2 . 

y?-Aininophenol hydrochloride was diazotised in the ordinary 
way and combined with an alkaline solution of 1:3-clihydroxy- 
naphthalene. The mixture was acidified after keeping overnight, 
and the precipitate was collected, washed with water, and dried. 
It could not he crystallised. It was purified by dissolving in 
alkali, precipitating with acid, and again dissolving in alcohol 
and precipitating with water. It does not melt below 300°: 

0*1107 gave 10*2 c.c. N 2 at 29*2° and 763*5 mm. N«10'4. 

C 1G H 12 0 3 lSr 2 requires N = 10*Q per cent. 

jy-Hydroxyb emeneazo-fi^mphthylamine, OPI• C 6 H 4 * N 2 * C l0 H fi *NIT 2 . 

An. alcoholic solution of jB-naphthylamin© was added to a con¬ 
centrated aqueous solution of p4iydroxybenzenedia%onium chloride. 
The precipitate was crystallised from alcohol, and melted at 
156-i57of 

0-0825 gave 11'4 c.c. N 2 at 27° and 762 mm. N=15-8. 

C w H 13 ON :; requires N = 1B”97 per cent. 

The hydrochloride was deposited in crystalline form on adding 
hydrochloric acid to a hot alcoholic solution of blio base and allow¬ 
ing the solution to cool. It melts at 170°. 


o-Aminobeneeneazo-u-naphthol, NH 2 -C 8 H. t -N 2 *C 10 TJ (( -OH, 

o-Nitrobenzeneazo-a-naphthol was obtained in a finely divided 
state by dissolving in cold concentrated sulphuric acid and pre¬ 
cipitating with water. The precipitate was thoroughly washed 
free from acid, and was then warmed with a large volume (100 c.c. 
for 1 gram of the substance) of freshly prepared aqueous 
ammonium sulphide on the water-bath. After a few minutes, the 
whole of the azo-compound passed into solution. On remaining 
overnight, the solution deposited a fine, brown, shining precipitate, 
which was collected, well washed with water, and dried on a 
porous tile. The substance is very readily soluble in all ordinary 
solvents, and could not be crystallised. It was purified by extract- 
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iitg with alcohol and precipitating with water. It melts at 
195—196°: 

01)915 gave 13*2 e.c. N 2 at 32° and 761 mm. N = 16*18. 
C 10 H W ON S requires N ™ 15*97 per cent. 

3 : 6 : 3 7 ; 6 7 ~ TetrahydroxydipkenyimeUionv, CH 2 [C c H 3 (OH) 2 ] 3 . 

According to Schorigin (J. Russ. Phyx. Ghent* Poc. 7 1907, 39, 
1094), this substance is brown, It was, however, obtained as a 
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white, amorphous substance under the following conditions. Two 
and a-half grams of quinol were dissolved on gently warming with 
25 e.c. of hydrochloric acid (1:10); 1 gram of 40 per cent, form¬ 
aldehyde solution was then added, and the mixture heated on the 
water-bath. The white precipitate of 3:6:3 7 :6 7 -tetrahydroxy- 
diphenylmethane began to appear in a minute, and the heat¬ 
ing was continued for ten minutes. The compound could not be 
crystallised. It decomposes above 275°. (Found: 0= 66*68; 
H=5*44. requires 0=67*2; H = 5T7 per cent.) 
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'1'rihydroxi/aurin (b), 

c<[i ]0 «h ;! (oi I ),p : r, ]o 0 1 r 3 (o ft )pj l :c>[<i |, 

was prepared from 3 : 6 : 3 ' : G'-tetrah y d roxydi phony h i iclhano and 
resorcinol by Caro's method (7/o/\, 1892, 2*5, 941). It could not. 
be crystallised. It was purified by dissolving in alkali, precipita¬ 
ting with acid, and again dissolving in alcohol and preeipita,ting 
with water. The operation -was repeated twice to obtain the sub¬ 
stance in a pure state. The- yield was very low: 

0-1020 gave 0*2633 C0 3 and 0*0413 H a O. (T,, 70*41; H-4‘50. 
C 30 H 14 O 6 requires C=-70*8 ; 11—4*34 per cent. 

Trihydroxyaiirin (a), 

C([l]C 6 H 3 (OHM3:41) 3 :[1]C„H 8 (0H)[2]:0[4], 
was prepared and purified in the same way aw the above-mentioned 
trihydroxy aurin (h): 

0*1100 gave 0*2836 C0 2 and 0*0436 II 2 0. C = 70*3; 11 = 4*4, 
C 19 H 14 0 6 requires 0 = 70*8; H = 4*34 per cent. 

i-EydroxyA 1 :4 u -t etram e iliyldiami n o triph enyl curb in ol A nhydride , 
or 4 -Hydroxymcilacliit e-green, OI0 G ]I 4 *O (C 6 H 4 ‘NM© 2 ) 2 * 

This dyestuff had already been obtained in a qualitative way by 
O. Fischer ( Ber. y 1881, 14, 2523), but not analysed. It was pre¬ 
pared by oxidising the leuco-compound in acetic acid solution with 
freshly precipitated manganese dioxide. The paste of .manganese 
dioxide obtained from 0*52 gram of potassium permanganate was 
added to a solution of 1 gram of the leuco-compound in 35 c.c. of 
30 per cent, acetic acid. The colour became dark green, and the 
mixture was warmed on the water-bath for an hour and filtered. 
The filtrate was treated with sodium acetate solution, whereby a 
violet precipitate of the dyestuff was obtained, which was crystal¬ 
lised from a mixture of benzene and toluene. The yield was good. 
It dyes mordanted wool in the following shades: blue on alum, 
bluish-violet on chrome, bluish-black on iron. Tannin-mordanted 
cotton is dyed to a dark violet shade: 

0*1240 gave 8*8 c.c. N 2 at 33° and 763 mm. N = 7*98. 

C 23 H 24 ON 2 requires N ! = 8 T 3 per cent. 


2: i-Dihydroxy-i f : 4 V-tetramethyldtiammotripheniflcarbinol 
Anhydride , or 2 : A-Dihy dr oxy malachite-green, 
O:C G H s (OH):C(C 0 H 4 -NMe 2 ) 2 . 

This dyestuff had already been obtained in a qualitative way 
by VotoSek and Rrauz (Ber., 1909, 42, 1605), but not analysed. 
It was prepared by oxidising a 30 per, cent, acetic acid' .solution 
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of the leueo-compoimd with freshly precipitated manganese dioxide, 
and obtained as a line blue solid which could not be crystallised. 
Ft dyes chrome-mordanted wool to a very brilliant blue shade; 
0*1000 gave 7*1 c.c. M 2 at 33° and 762 mm. N = 7*93. 

requires 1ST™7*77 per cent. 


3 : 6-Tet ram cthyldiamino-Q-ji-hydroicyph enykvan t hene. 

One gram of p-hyd roxybenza 1 clehycle and 2 grams of m-dimethyl- 
aminophenol were dissolved in 50 per cent, aqueous alcohol, and 
4 grams of concentrated sulphuric acid were then slowly added. 
The mixture was boiled under a reflux condenser for ten hours, 
and then the alcohol was expelled by boiling with water. The 
leuco-base was fractionally precipitated by sodium acetate, and 
the pure substance was obtained by crystallising the second frac¬ 
tion from dilute acetone. It melts at 220—221°: 

0*0995 gave 6*8 c.c. N« at 32*5° and 762 mm. N^7*68. 

C 2 y H 24 0 2 N 2 requires 1ST = 7*77 per cent. 

The benzoyl derivative was prepared by the Schotten-Baumann 
reaction. It could not be crystallised because of its ready solu¬ 
bility in all common solvents. It melts and decomposes at 
100—105°: 

0*1500 gave 7*9 c.c. N 2 at 32° and 760 mm. N = 5*89. 

C 80 H 29 O s N 2 requires TsT,— 6*02 per cent. 

3*Dimethyla?nino~$-]*Ji'yttro,wy2fft' e nyl-Mimethylfltio9'ime was pre¬ 
pared by oxidising the leuco-compound in acetic acid solution with 
freshly precipitated manganese dioxide. The dyestuff was pre¬ 
cipitated from the acetic acid solution by aqueous sodium acetate 
solution, as it could not be crystallised. It dyes dull red shades; 

0*1000 gave 7*0 c.c. No at 33° and 762 mm. N = 7*83. 

C 2 yH 22 0 2 No requires N = 7*77 per cent. 


Z-Dimethylamino^^iydikydrot-ej/^^henyl^dimetlifylfluorime. 

Two grams of 2 ; 4-dihydroxybenzaldehyde and 4 grains of 
m-dimethylaminophenol were dissolved in 50 per cent, aqueous 
alcohol, and 8 grams of sulphuric acid (I) 1*84) were then gradu¬ 
ally added. The mixture was heated under a reflux condenser for 
twenty-four hours and filtered. The filtrate was boiled with water 
to expel alcohol, and then sodium acetate was added to precipitate 
the dyestuff. It was partly purified by dissolving in sulphuric 
acid and precipitating with sodium acetate, and, finally obtained, 
in a pure state by debenzoylating the crystalline benzoyl deriv¬ 
ative by boiling its alcoholic solution with sulphuric acid. The 
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dyestuff could not be crystallised. It dyes ehroimHiiorcliintod wool 
to a red shade which is not brilliant: 

0*1055 gave 7*6 e.c. No at 33° and 760 mui. N = 8*03. 

Og*jHofiO;^N<> requires N = 7*(> per cent. 

The leueo-eoinpound can be obtained by reducing the dyestuff 
with zinc dust and acetic acid, but is oxidised again to the dye¬ 
stuff on coming into contact with air. The monohcnzaifl deriv¬ 
ative of the dyestuff was prepared by the Schotteii-Baimianii reac¬ 
tion in the ordinary way. It., is soluble in all the common solvents. 
By the spontaneous evaporation of a cold chloroform solution it 
crystallises in prismatic needles melting at 125°; 

0-1665 gave 8*0 e.c. N a at 33° and 763*2 mm. N = 5*12. 

requires N=5‘8 per cent. 

2:3:7- Trihydro hydroxyph cnyl-&- flnorone. 

One gram of 2:4-dihydroxybenzaldehyde and 2 grams of 
hydroxyquinol were dissolved in 10 c.c. of 50 per cent, alcohol ; 
T5 c.c. of sulphuric acid (D 1*84) were then added, and the mix¬ 
ture was heated on the water-bath for fifteen minutes, when the 
fiuorone sulphate was precipitated. It was collected and washed 
with 50 per cent, alcohol: 

0*5475 gave 0*1800 BaS0 4 . H 2 S0 4 ==12’5. 

(C 19 H 14 0 7 ) 2 H 2 S0 4 requires II 2 S0 4 = 12*15 per cent. 

The dyestuff was obtained by boiling the sulphate with water 
for one and a-half hours. It could not be crystallised. It dis¬ 
solves in potassium hydroxide solution with a reddish-violet 
colour, and dyes chrome-mordanted wool in line, reddish-violet, 
shades. Acetylation resulted in the production of a mixture of 
derivatives which could not be separated by fractional crystal¬ 
lisation : 

„ 0*1200 gave 0*2805 C0 2 and 0*0405 H a O. 0--63*75; 11=3*75. 

C 19 H m 0 7 requires 0=64*4; H = 3*95 per cent. 

1:3: &-Trihydro%ij~%o-])^ihydr0xyphenyl~$~flmrone. 

One gram of 2:4-dihydroxybenzaldehyde and 2 grams of phloro- 
glucinol were dissolved in 10 c.c. of 50 per cent, alcohol, and 
1*5 c.c. of sulphuric acid (D 1*84) were then added. After shaking 
for two minutes, orange-coloured needles of the fiuorone sulphate 
began to form. They were collected and washed with 50 per cent, 
alcohol: 

0-5000 gave 0-1515 BaS0 4 . H 2 S0 4 -12-4. 

• (C 19 H 14 0 7 ) 2 H 2 S0 4 requires H 2 S0 4 = 12*15 per cent. 

The dyestuff was obtained by boiling the sulphate for one and 
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a, halt 4 hours with water. It could not be crystallised. It dis¬ 
solves with an orange colour in potassium hydroxide solution and 
dyes chrome-mordanted wool in orange shades: 

0*1000 gave 0*2350 <JO a and 0*0330 PLO. 0-64*09; II = 3*66. 
C 19 U 14 0 7 requires C = 64 4; 11 = 3*95 per cent. 


The experimental work described in this paper has been done 
entirely by P. C. Ghosh. 

Dacca College Laboratory, 

Dacca, Bengal, India,. 


[ Received, July 6th, 1917.] 


L XX.—The Absorption Spectra of Substances con¬ 
taining Conjugated and Unconjugated Systems 
of Triple Bonds . 

By Alexander Killen Macbeth and Alfred Walter Stewart. 

It has long been known that saturated substances possess an 
absorptive power much lower than that shown by the correspond¬ 
ing ethylenic derivatives; and further investigations have proved 
that of two isomeric diethylene derivatives, that which contains a 
conjugated system of double linkings has a greater absorptive 
power than the isomeride in which the ethylenic bonds are isolated 
from each other (Crymble, Stewart, Wright, and Glen dinning, T., 
1911, 99, 451; Crymble, Stewart, Wright, and Miss Rea, ibid., 
1262). The present investigation was undertaken with the idea 
of testing whether or not a similar rule could be established in the 
case of acetylenic derivatives, but the results show that no such 
generalisation can be looked for in this series. The data, however, 
are of some interest from other points of view. 

It was decided to examine acetylenic compounds belonging to 
both aliphatic and aromatic series. Some of the latter class had 
already been investigated by Stobbe ( Ber 1911, 44, 1289), but 
no general rule could be deduced from his results, as the phenyl 
nucleus might be expected to interfere with the influence of the 
acetylenic linking to some extent. 

It will probably render the data clearer if the discussion of each 
group of compounds b© taken separately, final conclusions being 
reserved until the whole facts have been reviewed. 

Series 7. Behenolic Add and Prude Acid (Pig. 1, A).—Here 
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the ethylenic derivative is muck more absorbent than the acetylenic 
analogue. In this case, the effect of the double and triple link¬ 
ings may be taken as being una(Tooted by the presence of the 
carboxyl, radicle, from which they are separated by eleven 
methylene groups. 

Series 11. Stearolic Acid, Blaidic Acid, and Stearic Add 
(Fig. 1, B ).~In this case, the acetylenic derivative is the most 
strongly absorbent, the ethylenic next, and the saturated sub¬ 
stance least of alb The only factor that might account for this 
marked absorptive power of the acetylenic substance is to be found 
in the fact that the carbonyl radicle of the carboxyl group is 


Fig. 1. 
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situated at the ninth carbon atom from 'both the triple and double 
linkings, which would imply, under the usual assumptions as to 
the arrangements of carbon chains in space, that the unsaturated 
centres were spatially conjugated with two turns of the spiral 
between them. It is sufficient to indicate this and leave the 
matter without further elaboration. 

Series 111 . Acetylenedicarboxylic Acid , Fumaric Acid, Maleic 
Acid, and Succinic Add (Fig. 1, G ).—As can he seen from, the 
graph, the two ethylenic isomerides are more absorptive than the 

acetylenic compound—fumaric acid being markedly so-.-and 

succinic acid is least absorptive of all. 





THE ABSORPTION SPECTRA OF SUBSTANCES, ETC. 831 


Scries IV. DiAod oaeetylrn e> .Di-iodo ethylene , and Ethylene 
iodide (Kg. 2).—Tlrics case presents a fresh problem. Th© 
saturated compound, ethylene iodide, possesses a distinct absorp¬ 
tion band having its head at a frequency of 3900, and this band 
is directly attributable to the presence of the two iodine atoms 

Fig. 2. 


Oscillat ion frequen ci 



in the molecule. Now the introduction of fresh unsaturated 
centres in the molecule might have either of two, effects, since there 
may be an enhancement of the band due to stimulation of the 
process which produces it, or, conversely, a cancellation 1 of affinity 
leading to a decrease in absorptive power. An inspection 1 of the 
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curves shows that the second process is in operation to some extent, 
for the acetylenic compound is much less absorptive than the 
saturated substance. The absorption of di-iodoaeotylene is limifed 
to a frequency of 4200 at a logarithmic thickness of 3b, whereas 
the corresponding ethylenic compound continues to absorb to tin*, 
same extent in a logarithmic thickness of 32. Further, the 
absorptive power of the acetylenic compound is, except for a por¬ 
tion in the visible region of the curve, actually less than that, of 
the aliphatic analogue, from which it must be deduced that the 
introduction of the triple bond into the molecule has considerably 
influenced the absorptive po-wer of the iodine atoms. On the 
other hand, by the same reasoning*, the ethylenic linking has an 
effect opposite to that of the triple bond, whether this be attribu¬ 
table to a stimulation of the iodine vibration by the affinity of 
the residual affinity of the carbon atoms or merely to the increase 
in absorptive power usually noted when passing from the paraffin 
to the olefine derivatives. 

Series V. Dimethyldiacetylene , Hexatrieue ,* Benzene f (Fig. 3). 
—This case is one of the most interesting of all those which have 
yet been examined. A comparison of the structural form like of 
the three compounds must first be made; 


0 6 H c Dimethyldiacetylene 

0 (i Hg Hexatrieue 
C # H c Benzene 


OH 3 —(.SO—CSC—OH 3 

6h 2 is:(JH—CH rrOH.—OB 
CHsUH-OH=cSP (111 




It will be noticed that dimethyldiacetylene and, benzene are 
isomeric, whilst hexatrieue contains an extra pair of hydrogen 
atoms, and from this it might be expected that the first two sub¬ 
stances would show greater absorptive power than hexatriene. ' An 
examination of the curves in Fig. 3 shows that this deduction is 
unwarranted * contrary to the usual rule, the more saturated sub¬ 
stance is the most strongly absorbent, except just at the very top 
of the curve. 

In order to explain this apparent anomaly, it is necessary to bear 
in mind what has already been said with respect to the influence 
of conjugation. Take, first, the case of benzene and hexatrieue. 
In the benzene nucleus there are three double linkings, but these 

* This curve is taken from Baly and Tack, T., 1908, 93, 1909. 

t This curve is taken from Baly and Collie, ibid., 1905,87, 1982, the handed 
region being indicated by shading. 
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three Sinkings saturate each other and form a completely linked 
system, with no free partial valencies. In the case of hexatriene, 
on the other hand, although in its molecule there are also three 
conjugated double linkings, these double linking's do not com¬ 
pletely saturate each other, for there is a considerable amount of 

Fig. 3. 

Osg illat ion freqiten c / es. 
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residual affinity left untouched, at each end of the chain. From 
this it may be deduced that the presence of free affinity (or partial 
valencies) tends to increase absorptive power, which is borne, out 
by the well-known fact that' the introduction of any unsaturated 
centre into a molecule enhances the power of absorption; „ 
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A further step in advance is found when the case of dimethyl-- 
diacetylene is considered in conjunction with the foregoing, 
Dimethyldiacetylene contains two conjugated double linkings, am I 
it is reasonable to assume that to some extent these will behave 
like two conjugated double bonds, saturating each other to a 
certain degree, but leaving a considerable amount of residual 
affinity at either end of the chain. In the case of the acetylene 
derivative, however, there is not the same long chain of conjuga¬ 
tion which is present in the case of the hcxatriene molecule. The 
whole residual affinity of the acetylenic compound is concentrated 
in two centres in close proximity to one another. Thus in 
hexatriene we find two active centres far removed from each other ; 
dimethyldiacetylene contains two centres of residual affinity 
sufficiently near one another to interfere with each other, and 
hence reduce the amount of free affinity present, whilst benzene 
contains no independent centres of partial valency under normal 
conditions. Further, the absorptive powers of the three com¬ 
pounds stand in this order also. 

It may reasonably be suggested that absorptive power is greatest 
when a molecule contains more than one centre of residual affinity 
and when such centres are so situated as to be incapable of mutual 
interference. Under such an assumption, it would be expected 
that of two stereoisomerides, for example, the fumaroid form would 
exhibit most absorptive power, a conclusion which is borne out by 
facts. For instance, an examination of Fig. 1, G, shows that 
maleic acid is much less absorptive than fumaric acid. An. ex¬ 
amination of their spatial formulae indicates that in the case of 
fumaric acid the two accumulations of residual affinity at the ends 
of the chain are sufficiently far removed from one another to pre¬ 
clude mutual interference, whereas in the case of maleic acid they 
are near together. 


OH 


-0=0—0—E 


H—0—0=0*. 


OH 

Fumaric acid. 


OH 

H— cP 6=0, 

II 

H—0—0=0-' 
OH 

Maleic acid. 


Further support of this view will he found in the facts described 
in Series IX. 

Series VI. Phenylacetylene, Styrene (Phenyl-ethylene), and 
Ethylbenzene (Fig. 4).—In this case the ethylenic derivative 
exhibits the greatest power of absorption; the acetylenic com pound 
stands next in order, and the ethane derivative has least absorptive 
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power. These data hold good whether the absorptive power be 
judged by the wave-length absorbed by a given thickness of solu¬ 
tion or by the dilution to which absorption persists. As regards 
the manner of absorption, in the case of ethylbenzene the region 
of banded absorption in benzene itself is occupied by a broader 


Fig. 4. 
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single band, and it appears that the introduction of the ethyl 
radicle into the benzene nucleus has no marked elect on the 
character of the absorptive power. There is no increase in the 
persistence of the band. With styrene (phenylethylene) and 
phenylacetylene, on the other hand, there is an increase in general 
absorptive power as compared with benzene itself, which increase 
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can be attributed only to the effect of introducing the new un- 
saturated centre into the molecule. 

Series VII, Tolane , Stllbene, and s -Dvphcnyletliane (Fig. 5).— 
The introduction of a second phenyl nucleus into the molecules 
mentioned in the last section leads to somewhat peculiar results. 


Fig. 5. 

()«q illation frequencies. 



In the case of ^-diphenylethane, the graph shows that banded 
absorption still persists, but that it is completely modified in 
character. In the first place, the absorptive power is increased, as 
the band appears at a greater dilution' in the ^diphouyletliane 
spectrum than was found to be the case in phenylethylene. 
Further, instead of a single narrow band, iMliphenyletli.au e shows 
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a band extending roughly from 3100 to 4100, although it ;s much 
shallower than the band of ethylbenzene and shows a tendency to 
split up into two' smaller bands. One of these narrow bands 
extends from 3600 to 4100, and thus corresponds roughly with the 
characteristic band of ethylbenzene; the other band has its head 
at 3400, and does not occur at all in the spectrum of ethylbenzene. 
Its appearance must therefore be attributed to the introduction of 
the second phenyl radicle into the molecule. 

Turning to the ethylene derivative, stilbene, it will be observed 
that it possesses an absorptive power markedly greater than that 
exhibited by the ethane analogue. Further, there is no sign what¬ 
ever of the band characteristic of ethylbenzene; in fact, at this 
point of the spectrum there is especially good transmission. On 
the other hand, the band at 3400 traceable in the spectrum of 
.s-dipheny 1 etliane is here broadened and deepened to a very remark¬ 
able extent. It seems probable that the two bands arise from a 
common cause, but that in the case of stilbene the absorptive 
power is reinforced by the presence of the long chain of conju¬ 
gated linkings, seven in number, which exists in the molecule of 
the ethylenic compound. 

In their banded absorption, the ethylenic and acetylenic 
analogues are approximately similar, but it will be seen from the 
graph that the band in stilbene extends over a much greater range 
of dilution than that exhibited by tolane. This fact reinforces 
the idea that the band of stilbene is in some way influenced by 
the conjugated chain, for in the case of tolane the conjugation is 
imperfect as compared with that of stilbene. In stilbene, the con¬ 
jugated chain is made up completely of double and single bonds, 
whereas in tolane it contains single bonds alternating with double 
and triple linkings. Thus, instead of having the whole of the 
free affinity of the molecule concentrated at two points far removed 
from each other, as in stilbene, the tolane molecule has two main 
concentrations plus some excesses of affinity at the ends of the 
triple bonds. 


OK—6h=OR 


6h=ch—ch 



Tolane* 
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In tills way, the contentions put forward in connexion with Series 
V. receive, further support. 

Series VI!2. Phenyl-pt'o-pialic Acid , Oirinamic A aid, and 
f&-l J htnylpro'plonic Acid (Fig. 6).—In this series, the saturated 
member of the group shows very much less absorptive power than 
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$~PMnylpropionic acid . 


either of the other two. Traces of a modified benzenoid vibration 
are to be found in the one broad and two narrow bands which 
extend from 3700 to 4200; the dilution at which these bands occur 
is approximately the same as that at which the benzene bands 
make their appearance. 
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Cinnamic acid and phenylpropiolic acid show a somewhat 
similar power of absorption through a certain range of the graph, 
although cinnamic acid absorbs slightly longer wave-lengths, whilst 
phenylpropiolic acid shows an absorptive-power at a dilution much 
higher than that at which cinnamic acid ceases to absorb markedly. 
Further, cinnamic acid shows a well-defined band of considerable 

Fxa. 7. 


Oscillation frequencies. 



Mthyl phenylpropiolate. 
Clinnaniyliderieacetic mid. 


persistence in the region 3300—4200, whereas phenylpropiolic acid 
exhibits a “ step-out ” at a higher dilution. Testing the absorp¬ 
tive power by the length of the light-waves absorbed, the order is : 
ethylenic, acetylenic, and saturated, but as regards the power of 
absorbing at greatest dilution, they stand in the order of satura¬ 
tion, the acetylenic derivative having most absorptive, capacity. 
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Series IX, Ethyl Ehemjlproih ola l e and Ciunamylidcn care tie 
Acid (Fig, 7),—This case furnishes another example of the pheno¬ 
menon which was discussed in Series V. The two com pounds, ester 
and acid, are isornerides, so that, as far as additive factors go, they 
should exhibit the same absorptive power. An examination of 
their structural formulas shows that in the one case there is a long 
chain of conjugated double bonds in the molecule, so that the 
residual affinity is concentrated at two distant points, whereas in 
the other case the affinity centres are nearer together and are 
more likely to disturb one another: 

CH~CH~GH. OH 

OH-—'OH—C—(J H—OH— 0 31 —611 —(3—0. 

Cinnamylidoneaoetic acid. 

GH—CH—OH 0-Cj,H 6 

c!h—0 E—C—C=C~-C—O 

"" 5 \ 

Ethyl phenylpropiolato, 

From what has already been said on this matter, it may be 
deduced that einnamylideneacetic acid will show the greatest 
absorption, whilst the absorptive power of ethyl phenylpropiolate 
will be considerably less. An examination of the graphs shows 
that this prophecy is justified. The absorptive power of the ester 
is less than that of its isomeride, both from the point of view of 
the wave-length absorbed by a fixed concentration and also from 
the point of view of the dilution at which the substance continues 
to show absorption. 

Thus, although the examination of acetylenic derivatives has 
not brought to light any close parallel between them and the 
ethylenic analogues so far as light-absorbing power is concerned, 
it has elicited new facts with regard to the influence exerted by 
the distribution of residual affinity in the molecule on the absorp¬ 
tive power of the substance. At the present time our knowledge 
of the subject in its broadest outlines may be summarised as 
follows: The introduction of a centre of residual affinity into a 
saturated molecule increases that molecule’s power of absorbing 
light. The introduction of a second centre of residual affinity into 
the molecule normally increases the absorptive power, although in 
some cases (such as the iodine compounds) it may act in a con¬ 
verse manner. If the two centres of residual affinity are placed 
so far apart in the molecule, either spatially or structurally, that 
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they fail to exert any mutual influence on one another, then the 
absorptive power of the molecule is greater Ilian is found to be 
the case when the same amount of residual affinity is concentrated 
in two adjacent points of the molecule. 

The Sir. Donald Currie Laboratories, 

The Queen’s University of Belfast. 

Physical Chemistry Department, 
The University of Glasgow. 

[Received, July IS th, 1917.] 


LXXI .—The Uniform Movement of Flame in Mixtures 
of Acetylene and Air . 


By William Arthur H award and So sale Garalapury Sastry. 


In continuation of the revision of previous work on the propaga¬ 
tion of flame that is being carried out at the Horne Office- Experi¬ 
mental Station under the direction of Dr. B. V. Wheeler, we have 
determined the speeds of the “ uniform movement ” in mixtures of 
acetylene and air. 

It may. be recalled that the “uniform movement” occurs when 
an inflammable mixture of gases is ignited at the open end of a 
horizontal tube closed at the other end, and is usually regarded 
as the normal speed of propagation of flame from layer to layer 
of the mixture by conduction of heat (Mallard and Le Chatelier, 
Ann. des Mines, 1883, [viii], 4, 374). 

Previous determinations of the speed of the uniform movement 
in mixtures of acetylene and air have been made by Le Chatelier 
(OompL rendu, 1895, 121, 1144), who- used a glass tube 4 cm. in 
diameter. The speeds recorded were: 


Acotylt.no in mixture. 
Per cent. 

2-9 

8-0 

9-0 and 10*0 
22*0 
64*0 


Speed of uniform 
movement. 
Cra. per second. 
10 
500 
600 
40 


In a later publication, namely, “Le Carbone” (Paris, 1908), Le 
Chatelier gives intermediate values: 


Acetylene in 
mixture. 
Per cent, 
6*0 
7*0 
16*0 
' 40*0 
60*0 

VOL* CXI* 


Speed of uniform 
movement. 

Cm. per second. 

200 
400 
300 
. 22 
7 

L L 



842 IIA WARD AND SAST.RY : THE UNIFORM MOVEMENT OF 

but it is not clear whether these are actual determinations or 
numbers interpolated on a curve constructed from til© six results 
recorded in the Com'ptes rendus. 

Le Chatelier thus describes the curve he obtained (/or. cit. t 

p. 280); 

“La courbe . . . presente une forme tout© special©; elle m 
compose de trois droites; une droite montante et une descendant© 
se coupant pour la vitesse maxima vers 10 p. 100 d’acetylone, puis 
eusuite une droite tres pen incline© coupant la second h la ten cur 
de 20 p. 100 ©t se prolongeant jusqu’k la limit© d’inflammabilite 
superieure. Ce troisieme segment de la courbe correspond h la 
combustion avec flarnin© fuligineuse et depot de charbon. An- 
dessous de 20 p. 100 il ne se forme par la combustion quo des 
produits gazeux, acid© carbonique, oxyde de carbon© et 
hydrogen©.” 

Our own experiments were made in a glass tube 12 mm. in 
diameter, and are not therefore directly comparable with L© 
Chatelier'’s so far as the absolute measurements of speeds are con¬ 
cerned. It is permissible, however, to compare the shapes and 
characters of the two curves. We can confirm the statement that 
mixtures containing more than about 20 per cent, of acetylene 
deposit soot owing to decomposition of excess of acetylene, and 
that the speed of propagation of flame in such mixtures is slow; 
but w© cannot agree that the curve can be represented by straight 
lines. As with mixtures of other inflammable gases and air, there 
is a gradual flattening of the curve towards the limits, and the 
maximum speed is obtained over a range of mixtures containing 
between 8 and 10 per cent, of acetylene, so that the crest of the 
curve also' is flattened. 

Our results are shown graphically in the diagram* The speed 
of tlx© flame in mixtures containing more than 20 per cent, of 
acetylene decreases gradually as the percentage of acetylene is 
increased. The mixture of acetylene and air for complete com¬ 
bustion contains 7*75 per cent, of acetylene; the fact that the 
fastest speed of flame is found in mixtures containing rather more 
than this can be explained on the assumption that the thermal 
conductivity of acetylene is higher than that of air (compare 
Haward and Otagawa, T., 1916, 109, 83). 

Experimental. 

The method of experiment and the electrical means of measuring 
the speeds of the flames were the same as employed by Wheeler 
(T., 1914, 105, 2606). 

The acetylene was obtained compressed in cylinders, without 
acetone as solvent, and was of a high degree of purity (98 to- 99 
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per cent. C a H 8 ). The mixtures were mad© over brine in metal 
gas-holders of 70 litres capacity, and were analysed before . use; 
the explosion tube was filled with the required mixture by dis¬ 
placement of air, six times the volume of the tube being used. 
The initial temperature of the mixtures was that of the room 
(15° to 20°), and they were saturated with water-vapour at that 
temperature. 

Ignition was by means of a lighted taper, which was drawn 
rapidly past the open end of the tube. The speeds were measured 



2 4 6 8 10 12 ,14 16 18 20 

A cetylene , per cent 


between two points 40 cm. apart, the first point being 10 cm. from 
the open end of the tube. 

In addition to the experiments recorded in the diagram, for 
which a tube 12 mm. in internal diameter was used; the speeds 
in tubes of 9 mm. and 25 mm, diameter were also determined. 
The speeds in the 9 mm. tube were rather slower than those 
obtained in the 12 mm. tube, but the shape of the curve was the 
same. With the larger tube, 25 mm., the duration of the uniform 
movement was too short to admit of accurate measurement by the 
means employed. 

Imperial College of Science and Technology, 

.South Kensington, $*W. [Received, August 9 th, 1917.j 
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LXXIJ .—Methylation by Means of Formaldehyde . 
Pari I. The Mechanism of the Interaction of 
Formaldehyde and Ammonium Chloride ; The 
Preparation of Methylamine and of Dimethyl - 
amine . 

By Emil Alphonse Werner. 

The preparation of methyl amino from formaldehyde and 
ammonium chloride is perhaps not so well known as it certainly 
deserves to be. Having occasion to make use of this reaction from 
time tp time during the last few years, the author has studied this 
interesting and important change, the mechanism of which, it must 
be admitted, has up to the present remained decidedly obscure. 

Several new facts have been brought to light which have greatly 
helped to disclose what is now believed to be the true mechanism 
of the progressive changes involved in this rather complex reaction. 

The interaction of formaldehyde and ammonium chloride was 
first examined by PI belli (Her,, 1888, 21, 2117), who, from a rather 
superficial study of the change, observed the formation, of tri- 
methylamine and the evolution of carbon dioxide* No attempt 
was made to give an explanation of the reaction whereby the amine 
was produced. 

Some years later Brochet and Oambier ((hmpL rend 1895, 
120, 449, 557; Bull . Sac* cMm 1895, [Hi], 13, 392) reinvestigated 
this reaction, and showed what were the best conditions for the 
economic preparation of methylamine hydrochloride by its means. 

The explanation which they have given, of what they considered 
to be the main reaction, is far from satisfactory, and they have 
been decidedly at fault in their observations concerning certain 
experimental facts connected with the reaction. 

As a result of their investigations, they have drawn the con¬ 
clusion that whilst methylamine is almost the sol© product when 
ammonium chloride is used in excess, trimethylamine is the main 
product when formaldehyde is in excess. 

The latter conclusion has not been confirmed. 

These investigators have evidently mistaken impure dimethyl- 
amine hydrochloride for the salt of the tertiary base, only a small 
quantity of which has been detected when formaldehyde was used 
in excess, and even then only when a relatively high temperature 
was attained* 

As, regards their explanation of the reaction, Brochef and 
Oambier have drawn the conclusion that “Formaldehyde condenses 
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with aniinoniuin chloride in a very complex manner ”; it has been 
assumed that i r ii nethylenetri a m ine hydrochloriele, (CH 2 I Nil ,11Cl) 3 , 
is at once, formed,, as a result, probably, of the polymerisation of 
m ethyl en earn ine, OIL* NIT, produced in the first instance; th© 
polymeride then condenses further with formaldehyde, whether the 
latter is present in excess or not, to give methylamiiie hydro¬ 
chloride, according to the equation 

2 (CH 2 : N H,HC3 )a + 3CH 2 0 4- 3HoO - 6CHyNIL,HCl + 3C0 2 . 
When the aldehyde is present in large excess, they state, “ on 
arrive fmalcment an chlorhydrate chi trimethylamine par une serie 
de reactions identiques/* that is, the compound, 

(ch s :n-ch 3 ,hci) 3i 

is formed, which in its turn condenses with formaldehyde to form 
carbon dioxide, methylamiiie, and trimethylamine. 

It must he admitted that the above equation still leaves the ques¬ 
tion. of the origin of methylamiiie rather obscure, let alone the 
case of trimethylamine. 

More recently, Knudsen (Her., 1914, 47, 2G94) has re-examined 
this reaction, and whilst he has forestalled the author in showing 
that dimethyl amine was produced, he has not added any useful 
information towards the elucidation of the mechanism by which 
the amines take origin. Thus it has been assumed that dimethyl- 
amine and trimethylamine are produced from the decomposition 
of. a complex, not to say doubtful, rUmethylpentamethylene- 
tetramine formed in the first instance as a result of the union of 
metliylamine with excess of formaldehyde. 

In both cases, then, obscure condensation reactions have been 
regarded as explaining the formation of all three amines. This, 
if will be shown, is quite unnecessary in order to explain the 
different changes, and, moreover, such a view is in contradiction 
to the observed facts. 

M eehanism of the Formation of Mcthylanrine and of 
1) im e t hyl a m ine . 

When a solution, of ammonium chloride and formaldehyde (com¬ 
mercial formalin), in the proportions recommended by Brochet 
and Gambler, was gradually heated, a volatile liquid began to 
distil at 50°; after heating at 104° until distillation had prac¬ 
tically ceased, the amount of distillate obtained was equal to 
22 per cent, of the weight of the formaldehyde solution taken. 
This distillate has been considered by Brochet and Gambler to 
consist of methylal and water only; thus they state that the pro¬ 
duct may contain from 60—79 per cent, of the former. 

Whilst methylal formed a considerable portion of the distillate, 
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the chief constituent was methyl formate, art important fact which 
Brocket and Cambier have completely overlooked. The composi¬ 
tion of the distillate, was fairly constant, wind,her ammonium 
chloride or formaldehyde was present in an excess at the outset. 

When methyl amine hydroch.lori.de and formaldehyde were 
heated in solution, 90° was reached before distillation was 
observed; the distillate contained rnethylal and methyl formate 
in nearly equal proportions; on the other hand, from dimethyl- 
ammonium chloride and formaldehyde, after heating under similar 
conditions, a distillate was obtained which contained practically 
no methyl formate. 

The following results represent the average composition of the 
distillates in the three respective cases: 


•Percentage composition 

(i.) 

(id 

NH,M©C1 + 

(in.) 

NH,Mo n Cl + 

NH 4 GlyOH,C). 

ck 2 o. 

CH.,6. 

of distillate. 

£=-104°. 

£=104°. 

£=li0°. 

Methyl format©.. 

= 30-0 

13-10 

0*13 

Methylal.... 

=34-6 

16*32 

8-70 

Fro© formic acid .. 

« 1-6 

3-64 

2*80 

Water.... 

= 24-8 

69*94 

88*37 


COjj freely 

CO., freely 

a trace of 


evolved. 

evolved. 

CO a evolved. 


Whilst the formation of rnethylal is a normal result of a reaction 
between formaldehyde and methyl alcohol (present in commercial 
formalin) promoted by hydrochloric acid set free during the 
process, the production of methyl formate (and carbon dioxide) 
in considerable quantity furnishes an important clue to the 
mechanism of the reaction. The oxidation of formaldehyde to 
formic acid, and of the latter to carbon dioxide, must, hi the 
present circumstances, be provoked by the presence of another 
substance having an equal tendency to undergo reduction. 
Through the decomposition of water the desired result is attained, 
a simultaneous oxidation and reduction is brought about, and as 
a result of the latter, methyl am in© and dimeihylamine are pro¬ 
duced in accordance with the following scheme. 

The first phase of the change gives rise to methyleneimine, 
thus: 


(1) H-COH + NH a (HCl)* -> H-CH<§5 

ch 2 :nh(hci)+h 2 o 

It is the great tendency of formaldehyde to react with ammonia 
that no doubt determines a rapid dissociation of the haloid salt; 

# Wh ™ ammonium chloride and formaldehyde are mixed in solution, 
the liquid quickly becomes strongly acid from liberation of hydrogen 
chloride; the brackets aro used her© to indicate the dissociated salt. 
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til© feeble* base OELj.NH remains largely dissociated* since titra¬ 
tion* using phenol phtlialei n as indicator* shows all the hydro- 
cliloric acid to be in the free state. Its presence* however* prevents 
polymerisation of the base, and equilibrium (that is, neutralisa¬ 
tion) is rapidly established by reduction and oxidation, thus: 


* r r / rmi \ 


and whilst part of the formic acid is neutralised by esterification, 
the larger portion is oxidised to carbon dioxide and water. 

As the temperature rises, the main reaction (2) is soon accom¬ 
panied by a change similar to (1), in which methyl ammonium 
chloride takes part, whereby dimethylammonium chloride is 
ultimately formed, thus: 

(3) CH 3 0 + NH 2 *OT 3 (HC1) - Cn 2 :N-CH 3 (HCl) + 11 , 0 . 


(4) oh 2 :n*oh 8 (hoi) + h 2 


O + H-COH: 


2 NHjHC1 + H-CO 2 U. 


The- next and final phase in the change is the result of a reaction 
between formaldehyde and dimethylammonium chloride, thus: 

(5) CH a O + 3NH(0H 8 ) 2 (HC1) - +H s O. 

and since a stable* saturated base is produced it will show no tend¬ 
ency to suffer reduction, and consequently there will he no oxida¬ 
tion of form aldehyde during this phase, as shown by the results 
obtained under III* 

In accordance with this scheme, therefore, trimethylamine cannot 
be directly formed during the progress of the changes which give- 
rise to the primary and secondary bases, and this explains why it 
has not been detected in the reaction product when the temperature 
was hot allowed to rise above, say, 110°. 

I f, on the other hand, the temperature be carried too high, as 
was the case in Knudsen’s experiments (loc, cit.). or the* heating be 
unduly prolonged, a condition which can scarcely be avoided in 
dealing with the final mother liquors, after the separation of the 
bulk of the chlorides of methyl ammonium and of dimethylammon¬ 
ium, then some* trimethylamine is undoubtedly produced. The 
evidence goes to show that the tertiary base* very probably, arises 
from the decomposition of the above methylene base*, thus: 

(6) CH 2 <|jg*^,2HCl = N(CH 3 ) 8 ,HC1 + CH 2 :H-CH s (HC1). 

The unsaturated base, in the absence of excess of formaldehyde, is 
polymerised to the compound (CH 2 *N*CH 3 ) 3 ,* the presence of which 

* This base has been prepared by Henry ( Bull. Acad, ray, 1893, 

[Hi], 26,200), and later by Brochet and Gambler (loo, cit,), who determined its 
molecular weight. 
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can he shown by lh<\ t'orinnUon of a. copious pwipifalr on addil ioti 
of picric' ,-ioid. ' The piornhe (in. p. 137", Ibidrn and Soinudl'. fin-., 
1895, 28, 936) cannot, be eryslallised from wafer on nmmnt of flic 
ease with which it dissociates. 


Since* the changes represented by equations (2) and ( I) ovcrln.}> 
during the progress of the reaction, the production of dimethyl- 
ammonium chloride in moderate quantity cannot be avoided. Its 
separation, from a considerable amount of mothylammanium chloride 
is, however, a very simple matter, as described later on. 

By adopting such conditions as were indicated by Urn above 
scheme, a very large yield of dimothylammomum chloride has been 
obtained with the use of much less formaldehyde than was found 
necessary by Knud sen (/or. cif,). The absence of condensation pro¬ 
ducts in the early stages of the reaction, that is, both before and 
after largo quantities of metliylammonium and diinethylanmionmm 
dilorid.es have been produced, has boon proved by the fad that no 
precipitation was produced on the addition of picric add. This 
reagent forms sparingly soluble compounds with all the condensa¬ 
tion products, or polymerides which have hitherto been supposed 
to play a part in the formation of the primary and secondary liases 
produced in this interesting and important reaction. 

Preliminary experiments have proved the wide scope of the use 
of formaldehyde for methylating amino-compounds of various types, 
on the lines of the scheme just recorded. These, it is to be hoped, 
will be described in the near future. 


& X r K n I M K N T A b. 

The f'reparation of M Hhylammmiu rn V ft l or id e , 

Thoi proportions of ammonium chloride and formaldehyde (40 per 
cent, formalin) * recommended by Brodiet and Cambier (Joe. cit .) 9 
namely, one part by weight of the former, and two parts by weight 
of 1 the latter, were found after several trials to give the best results. 
Since about 35 per cent, of ammonium chloride has always been 
recovered unchanged, the molecular ratios NH 4 C1: 2CBL/> required 
by theory are very closely represented by the above proportions., 
Expt. /.—Two hundred and fifty grams of ammonium chloride 
and 500 grams of formaldehyde solution were gradually heated in 
a distillation flask, which carried a thermometer with the bulb well 
below the surface* of the liquid. The temperature was slowly raised 
to 104°, and was not allowed to rise above this point, at which it 

* Analyses of seven different samples of commercial formalin gave 
as a mean result 35 per cent, of formaldehyde, and in no ease was a sample 
found to contain 40 per cent. The highest value was 37*4 per cent., the 
lowest 33*2 per cent. 
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was maintained until no more volatile liquid, distilled; this required 
a,bout, lour and a-half hours. The distillate weighed 110 grams. 
The product was allowed. tx> cool, and after filtration from 62 grams 
of ammonium chloride which had separated, was concentrated by 
evaporation at 100° to about onedialf of the original volume. After 
removal of 19 grams of ammonium chloride/* the liquid was again 
concentrated, by evaporation until a crystalline scum had formed 
on the surface of the hot solution. 

After cooling, 96 grains of methyl ammonium chloride (Found, 
Cl=52*46. Calc., 01 — 52*59 percent.) were separated; after further 
concentration a second crop (18 grams, 01 = 52*39 per cent.) was 
obtained. The filtrate was now concentrated as far as possible at 
100° and was left for twenty-four hours in a vacuum over sodium 
hydroxide, after which the semi-solid residue was digested with 
chloroform, when 20 grams of methyl ammonium chloride (Cl = 52*63 
per cent.) which had been washed with chloroform to remove 
dmiethylammonium. chloride, were obtained. The total, yield was 
128 grams. 

From the chloroform solution, after removal of much of the 
solvent by distillation, 27*5 grams of dimethylammonium chloride 
were obtained (Found, 01 = 44*38. Calc., 01 = 43*5 per cent.). 

A viscous residue (76 grams) which did not crystallise after 
remaining for a week in a vacuum over sulphuric acid, was finally 
obtained; it contained 01 = 40*37 per cent. It was distilled, after 
the addition of an excess of a 40 per cent, solution of sodium hydr¬ 
oxide, and the alkaline vapours evolved were absorbed in an alco¬ 
holic solution of hydrochloric acid, when a small quantity of methyl- 
ammonium chloride and a relatively large quantity of dimethyl- 
ammonium chloride were obtained, but no trimethylammonium 
chloride could be detected. Formaldehyde was also regenerated by 
the action of sodium hydroxide on the viscous material, which no 
doubt contained much tetrai t \ ethyl met hy lened iam i ne hydrochloride, 
ClLj(NMc 2 )jj;,2HCl, which requires 01 = 40*57 per cent. 

Eivaminalmn of Volatile Liquid Distillate .■—This had I) 15 0*927. 
Five c.c. after digestion with 50 c.c. of iV-sodium hydroxide required 
1.8*15 c.c. of A-aulphurie acid for neutralisation. 

Five c.c., after removal of methyl formate and methylal by heat 
at 70°, left an acid liquid which required 1*65 c.c, of A-sodiura 
hydroxide for neutralisation. Hence H*C0 2 Me = 39*09; GH 2 0 2 = 
1*62 per cent, The proportion of methylal was determined by differ¬ 
ence after removal of water by anhydrous calcium chloride. The 

* Ammonium chloride is very sparingly soluble in a concentrated solution 
of mothylammomum chloride, and consequently its separation from the 
latter salt is very sharp, 

L L* 



850 


weunur: m ethylation by means of 


separation of methyl formate from methylai by fractional distilla¬ 
tion Wits found to be an extremely tedious process, and was aban¬ 
doned as useless from an economic point of view. The value of the 
distillate is of importance, since all the formic, acid can bo easily 
recovered as sodium formate, after shaking with a solution of sodium 
hydroxide in the cold, and thus separated from mefliybiL 

The following results illustrate the value of Urn- whole process 
from an economic point of view. From an experiment with 4000 
grams of formalin and 2000 grams of ammonium chloride, and 
without working up the final viscous residue, there were obtained 
1037 grams of pure methylannnonium chloride, 218 grams of nearly 
pure dimcthylammonium chloride, 408 grams of anhydrous sodium 

formate, and 2G4 grams of pure methylal (Ik p. 42*~.43°), whilst 

608 grams of ammonium chloride were recovered. The yield of 
methylannnonium chloride was equal to 79*6 per cent, of the weight 
of ammonium chloride which had entered into reaction. When the 
value of the by-products is taken into consideration, it will be seen 
that the' methylainmonium salt is obtained for a very small outlay. 


Prtjmmi lan of Dim etht/lam rnonin m Ohloritle . 

The formation of the above salt in this reaction has been recently 
pointed out by Knudsen (loc. cit>), but the method adopted for its 
preparation distinctly shows the absence of a reasonable apprecia¬ 
tion of the probable mechanism of the changes. Thus, in an experi¬ 
ment designed with the object of obtaining the best yield of the 
secondary amine, a useless, not to say a wasteful, excess of form¬ 
aldehyde was employed without any particular advantage. The 
following experiment, carried out on the lines of the present theory, 
gave a very good result. 

Pxpt. IL —Two hundred grams of ammonium chloride and 400 
grams of formalin were heated to 104°, as in Expt. 1, and G5 grams 
of ammonium chloride were recovered. To the filtrate 300 grams 
of formalin were now added, and the.solution was again heated at 
this stage to 115°, and maintained as nearly as possible at this tem¬ 
perature until no more liquid distilled. This required about three 
and a-half hours. Since methylammonium chloride, produced 
during the first stage, is less easily dissociated than ammonium 
chloride, a higher temperature was required to bring about reac¬ 
tion (3). It was noticed that whilst a volatile liquid commenced 
to distil at about 52° in the first stage, 92° was reached in the 
second stage before any liquid distilled, which is quite in agreement 
with theory. 

The product was concentrated by evaporation at 100° until a 
scum appeared on the surface of the hot liquid; 7 grams of amnion- 
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ium chloride, and 27 grams of pure methylammoniiim chloride were 
recovered from the material which had separated after cooling. The 
product was now heated to 120°, until a portion when cooled became 
a semi-solid, crystalline mass, after which it was allowed to remain 
for two clays in a partial vacuum over sodium hydroxide. It was 
then treated with chloroform as described under Expt. I, and 122 
grams of. nearly pure dimethylammonium chloride (Found, 
Cl 43*14. Calc., Cl =--43*5 pe> T * cent.) were ultimately obtained. The 
final residue contained some trimethylammonium chloride, but was 
not further dealt with. 

The yield of dimethylammonium chloride calculated on the weight 
of ammonium chloride wjiich had entered into reaction (that is, 
200-72 = 128 grams) was therefore 95*3 per cent, with the use of 
700 grams of formaldehyde solution. Knudsen .obtained a yield of 
70 per cent, from 100 grams of ammonium chloride and 1000 grams 
of formalin. 


Production of TH methyla m man hi m Chloride from the Interaction 
of Formaldehyde and J)i melkyJammonium Chloride , 

In order to prove the origin of trimethylamine, in accordance 
with the present theory, the following experiment was made. 

Ex'pt. ///.—Dimethylammonium chloride (20*5 grams) and 
45 grams of a solution of formaldehyde (molecular ratio 1; 2) were 
heated in a distillation flask to 110° for four hours. The composi¬ 
tion of the distillate, which weighed 18 grams, is given under III 
(p. 846). The product, after concentration as far as possible by 
evaporation at 100°, was heated to 120°, after which it was allowed 
to remain over'sodium hydroxide, as in Expt. II. The residue was 
dissolved in chloroform, and on addition of ether (well dried) 
4*5 grams of crystals were precipitated, which contained Cl = 36*93 
(C.jHjjNjHCl requires Cl = 37*17 per cent.). 

A platinkhloride was prepared, which contained Ft = 37 *03 
(0<(H 9 N,H 2 PtC\ requires Ft=36*95 per cent.). 

The residue, after removal of the solvent, was distilled with a 
40 per cent* potassium hydroxide solution; the alkaline distillate, 
which possessed a strong odour of formaldehyde, was easily proved 
to consist chiefly of dimethyl amine with only a small proportion of 
the tertiary base. The original reaction product, tetramethyl- 
methylenediamine hydrochloride, was readily hydrolysed when 
heated with a solution of potassium hydroxide, thus, 

CH a (NMe a ) a ,2HC! + 2KOH = CH 2 0 + 2NHMe 2 + 2&C1 + H 2 0. 

The small yield of trimethylamine was due to the relatively low 
temperature attained during the process. 
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E,rpt. IV .—The above was repeated, but the temperature was 
raised to 160°, after evaporation at 100°; a yield of 14 grams of 
triinethylammonium chloride was obtained, tints proving the origin 
of the tertiary base, as shown in the scheme, equation (6). 


Behaviour of Methylammonium Chloride and Formaldehyde in 
the Presence of Ethyl Alcohol. 

According to theory, no methylammonium chloride should result 
from the interaction of ammonium chloride and formaldehyde in 
th© absence of water, a point which is not suggested by such an 
equation, as 2CH 2 0 + NH 3 ==CH 3 ‘NH* J + H , C0 2 H, which is given by 
Knudsen to show the formation of metliylamine. The insolubility 
of ammonium chloride in pure alcohol presents a difficulty in the 
use of this salt; however, the test has been made with the methyl 
derivative. 

Expt. V, —Seventeen grams of methylammonium chloride and 
15 grams of paraformaldehyde (2 niols.) were heated with 50 c.c. 
of alcohol under reflux. The aldehyde* was rapidly depolymerised 
and a clear, homogeneous solution was obtained as soon as the boil¬ 
ing point of alcohol was reached. After a short time the liquid 
gradually separated into two layers, and the change was completed 
after one hour. The lower layer when cold was a semi-solid, crystal¬ 
line mass, from which 10*5 grams of methylammonium chloride were 
recovered. 

The supernatant liquid was shaken with a saturated aqueous solu¬ 
tion of calcium chloride, dried, and distilled; 46 grams of ethylal 
(b. p. 88—89°) were obtained, which was equal to 88*4 per cent, of 
the theoretical from 3 5 grams of formaldehyde. When molecular 
proportions of methylammonium chloride (3 7 grams) and paraform¬ 
aldehyde (7*5 grains) were used, 13*5 grams of the amine salt were 
recovered, and 20 grams of ethylal were obtained. 

No dimethylammonium chloride was formed, which bears out the 
part played by water in the general reaction. 

Interaction of Formaldehyde and Ammonium Chloride in the 
Presence of Water alone . 

It was' pointed out, in the results given under Expt. I, that the 
yield of methylammonium chloride was equal to 79*6 per cent, of 
the weight of ammonium chloride which had entered into reaction. 
Theoretically, from equations (1) and (2) one molecular proportion 
of ammonium chloride should yield one of methylammonium 
chloride, that is, 126*1 parts of the latter salt from 100 parts of the 
former. With the use of commercial formalin there is inevitable 
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loss of formaldehyde as methylal, which, for obvious reasons, cannot 
!>e profitably counteracted by using an excess of the aldehyde solu¬ 
tion. This loss of aldehyde is undoubtedly one of the factors that 
affects the ultimate yield of methylamine; when it was eliminated 
bv the use of paraformaldehyde, ■ a larger yield of the amine was 
obtained. 

Expt , VI. —Twenty-seven grams of ammonium chloride, 30 grains 
of paraformaldehyde (molecular ratio 1:2), and 80 c.c. of water 
were gradually heated. At 80° a clear solution was obtained, and 
the temperature was maintained for four hours at 104°. Slightly 
more than one-third (9'06 grams) of the ammonium chloride was 
recovered, whilst 18'96 grams of pure methylammonium chloride 
were obtained. This equals 105'6 parts from 100 parts of am¬ 
monium chloride. The amount of dimethylammonium chloride 
produced was not estimated. It is not suggested from the results 
of this experiment that paraformaldehyde could be economically 
used on a large scale with advantage, since, quite apart from its 
relatively high cost, neither formic acid nor part of the unchanged 
aldehyde can be recovered as by-products. The experiment has 
served to support the views put forward, and perhaps on a small 
scale may have some advantage. 

Many other points, dealing chiefly with the identification of the 
intermediate products, which have not been touched upon in the 
present paper, will be elaborated in a future communication. 

University Chemical Laboratory, 

Trinity College, Lublin. {Received July 1917.] 


LXXTI The Liberation of Hydrogen Sulphide 
from Gob Fires in Coal Mines . 

By Thomas James Dbakeley, 

Experiments described in an earlier paper (T., 1916, 109, 723) 
have shown that iron pyrites favourably influences to a small 
extent the oxidation, and therefore spontaneous ignition, of coal. 

Lewes (Second Report of the Royal Commission on Coal Sup¬ 
plies, 1904 [Cd, 1991], VoL 2, 232), however, expressed the view 
that iron pyrites has no connexion whatever with the spontaneous 
heating of coal This inference is based on the fact that, in an 
inspection of a case of spontaneous combustion where the coal was 
heated, the sulphur was found to be evolved as hydrogen sulphide 
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and not as sulphur dioxide, as would have been the case “ if the 
pv rites had .anything to do with ” the fire. 

The fact that hydrogen sulphide is evolved during the initial 
stages of a gob fire is indisputable; but the .assumption that if 
iron pyrites favoured the heating, the sulphur would he given off 
necessarily as- sulphur dioxide appeared to need verification. 
There is the reasonable possibility that the sulphur dioxide may 
be reduced to hydrogen sulphide by contact with the heated coal. 

Experiments were conducted to investigate this question, and a 
detailed account is given in the following pages. 

The investigation haw shown that hydrogen sulphide may be 
formed from heated coal and iron pyrites in a number of ways, 
as, for example, by heating coal, by passing sulphur dioxide over 
heated coal, by heating mixtures of coal with sulphur or iron 
pyrites, by passing water vapour or hydrogen over heated iron 
pyrites, etc. 

Therefore, at the seat of a gob fire, it would appear to be quite 
possible for sulphur dioxide to be formed, but, previous to an 
external outbreak of the fire, there would be very little likelihood 
of this sulphur dioxide being liberated into the mine atmosphere. 
If the sulphur dioxide were not reduced completely to hydrogen 
sulphide by contact with heated coal in the immediate vicinity of 
the fire, it would encounter the larger volumes of hydrogen sulphide 
that would be issuing from the gradually heated material in the 
locality, and thereby would be decomposed to give sulphur. In 
consequence of such reactions, no sulphur dioxide would reach the 
external air. 

In view of this, Lewes's statement, that if iron pyrites assisted 
in the ignition of the coal the sulphur would be liberated as sulphur 
dioxide, seems to be erroneous. 

The Formation of Hydrogen Sulphide by Passing Sulphur 
. —Dioxide over Heated Goal , 

In order to reproduce to a certain extent the conditions of the 
liberation of the gas from the gob, a moist mixture of four volumes 
of carbon dioxide and one volume of sulphur dioxide was passed 
over 20 grams of powdered coal contained in a glass tube. The 
tube (45 cm. long and 2 cm. in diameter) was gradually heated in 
a 28 cm. platinum-wound electric furnace until the temperature 
reached 500°. The temperature was maintained at 500° until no 
further evolution of gas from the coal could be detected. During 
this time, the mixture of carbon dioxide and sulphur dioxide was 
passed over the coal at the rate of 2 litres per hour. 
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The gases evolved were delivered, first, into a Woulfe’s bottle, 
where tarry oils were deposited, through, a spiral tube immersed 
in water at 10°, and then through pure concentrated sulphuric 
acid. 

After this treatment, the hydrogen sulphide in the gases was 
absorbed by passing them through a train of four bottles, each 
containing a solution of copper sulphate acidified with hydrochloric 
acid. A duplicate absorption train was arranged so that by means 
of a three-way tap the gases could be diverted from one train to 
the other. 

At the commencement of an experiment, the air in the glass 
tube in the furnace was displaced by a stream of carbon dioxide. 
The heating was started, and the mixture of carbon dioxide and 
sulphur dioxide was passed through the tube. At first, no pre¬ 
cipitate appeared in the copper sulphate solution, hut as soon as 
the slightest trace was discernible the tap was turned so that the 
gases were washed with fresh copper sulphate solution in the 
second absorption train. This was to eliminate any possible errors 
that might arise from a reaction between the hydrogen sulphide 
and any soluble gases with which the copper sulphate solution had. 
been contaminated during the initial stage of the experiment. 

After the temperature of the furnace had been 500° for about 
two hours, the mixture of carbon dioxide and sulphur dioxide was 
turned off to test whether the evolution of volatile products was 
continuing. When this ceased, the precipitated copper sulphide 
was collected, washed, dried, and detached from the filter paper. 
The filter paper was ignited, and the ash was added to the main 
part of the precipitate, which was mixed with sulphur, heated to 
redness in an atmosphere of coal gas, cooled, and weighed. 

From the weight of cuprous sulphide, the quantity of sulphur 
evolved as hydrogen sulphide was calculated. 

Blank experiments (in which only carbon dioxide was passed 
over the coal) were mad© for each sample of coal. 

Three samples of different coals were used in the experiments. 

Coal “ A ” was a selected sample of Arley coal from a local 
colliery. The coal was black, possessing considerable lustre and a 
brown streak. It fractured along lines chiefly defined by ^ mother 
of coal ” (charcoal). The seam is not subject to spontaneous com¬ 
bustion. The sample was picked carefully, and all visible impurity 
excluded. 

Coal “ B ” was a selected sample of “ Five Feet ” coal from a 
colliery near Chester. The coal was moderately dull black, and 
was exceptionally close and compact. The fracture was mainly 
splinty. From its properties it would appear to he a canneloid 
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coal. The seam is not subject to got) fires. The sample was freed 
carefully from all visible impurity. 

Coal <e Cwas from a local colliery, and was a deliberat ely 
chosen inferior sample from the Ravine Bearn, which is subject to 
spontaneous combustion. The coal consisted of alternate lustrous 
black and comparatively dull black layers; it fractured easily along 
planes which contained considerable deposits of calcium carbonate. 
Iron pyrites was present in the finely disseminated form. The 
sample was- obtained from the 'neighbourhood of a gob fire. 

Analyses of the coals gave the following results: 


Estimation. 

Coal “ A.” 

Coal “ UP 

Coal k< C. v 

Specific Gravity. 

1*248. 

1*247. 

1-341. 

Ultimate Analysis :— 

Her cent. 

Ter coni. 

Per cent. 

Carbon ..... 

80*937 

75*761 

07*780 

Hydrogen . 

4*815 

5-783 

2*992 

Nitrogen .... 

1*305 

1*487 

HU 5 

Sulphur .. 

1*412 

0*953 

4-017 

Ash ... 

1*660 

3*646 

12-084 

Oxygen, etc. (by diff.). 

9*811 

12*850 

12*162 


100-000 

100*000 

100-000 

Proximate Analysis :— 




Fixed Carbon . 


47*606 

51*687 

Ash .... 

1060 

3*646 

12*084 

Moisture ....... 

0*828 

0*566 

3*738 

Volatile matter.... 

31*037 

48*182 

31*54:1 


100*000 

100-000 

100-000 

Yield of Volatile Matter 

on 



heating to 500° .. 

14*421 

25-830 

20*510 


The results of the experiments are given in the accompanying 
table, and are calculated for a weight of 100 grains.: 




Coal 0.” 


Time. 

Weight of 
sulphur i n 
coke residue. 

Weight 
sulphur ov 
as 

Grams. 

Mins. 

Grams* 

f 30 

1*352 

0*032 

! 60 

1*351 

0*035 

80 

1*373 

0*172 

l 60 

1*379 

0*194 

( 30. 

0*618 

0*049 

I 60 

0*609 

0*049 

l 30 

0*711 

0*316 

l 60 

0*703 

0*351 

f 30 

2*878 

1*096 

| 60 

2*879 

1*098 

30 

4*186 

2*065 

l 60 

4*205 

2*619 


In the above table, each result represents the average of five 
experiments. 
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The time mentioned in the second column gives the number of 
minutes taken to raise the temperature of the furnace from 15° to 
500°. Subsequently, the temperature of the furnace was main¬ 
tained at 500° until the end of the experiment, which occupied 
from two to two hours and a-half. 

Results 1-.4 were obtained with coal “ A , 55 5—8 with coal “ B,” 

and 9--42 with coal C.” Results 1, 2, 5, 6, 9, 10 were blank 
determinations, and give the weight of sulphur that was eliminated 
as hydrogen sulphide when 100 grams of the coal were heated in a 
current of moist carbon dioxide. Results 3, 4, 7, 8, 11, 12 were 
obtained by passing the mixture of carbon dioxide and sulphur 
dioxide over the heated coah 

In the blank experiments, the temperature of the furnace 
reached the following values before any appreciable quantity of 
hydrogen sulphide was evolved from the samples of coal. 

Coal - A.” Coal « B.” Coal “ C ” 
Temperature. 290° 270' 1 275° 

it' was observed, however, that when the mixture of carbon 
dioxide and sulphur dioxide was passed over the coal, no hydrogen 
sulpiride was evolved until a much higher temperature had been 
reached. The values are given below. 

Coal « A.” Coal « B ” Coal “ C.” 
Temperature .... 440° 435° 445° 

During this time, the coal in the tube appeared to have become 
coated with a whitish-yellow powder. No doubt this was a slight 
deposit of: sulphur which, probably, had been formed by the reac¬ 
tion between the sulphur dioxide passing over and the hydrogen 
sulphide evolved from the coal. Possibly the organic tarry liquids 
from the coal may have influenced the interaction of the hydrogen 
sulphide and the sulphur dioxide (compare Klein, J . Physical 
(7/m., 1910, 15, 1, who also* showed that water was a catalyst). 

When the temperature of the furnace reached about 4.50°, the 
evolution of hydrogen sulphide became so rapid that the stream 
of sulphur dioxide was insufficient to react with it completely, and 
a rapid precipitation of copper sulphide occurred. 

It may be noted that a deposit of sulphur is observed frequently 
in the initial stages of an actual occurrence of a gob fire (compare 
Henshaw, Departmental Committee on Spontaneous Combustion in 
Coal Mines, Minutes of Evidence, 12th Feb.—16th July, 1913, 
p, 26); but this slight yellow deposit in the cracks of the coal, 
where the heating is evidenced, may be due, in addition, to other 
causes than the one stated above. However, the similarity between 
the actual gob fire and the experiment was striking. > 
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The percentage of sulphur in the coke residue, which was slightly 
more friable when sulphur dioxide was passed over the coal, would 
indicate that a quantity of the sulphur becomes fixed in l!m coke. 
This may he due to an interaction between the sulphur dioxide 
and. the ash constituents. 

It is possible that if the mineral matter of the coal contained 
lime at 500°, a little sulphur may have been formed by the action 
of the sulphur dioxide on the lime (V eley, T., 1893, 63, 821; com¬ 
pare Hammick, this vol., 379). 

The results indicate that the evolution of the hydrogen sulphide 
is increased where sulphur dioxide is passed over heating coal. The 
observed fact that the sulphur is evolved as hydrogen sulphide and 
not as sulphur dioxide from a gob fire does not, therefore, decide 
the question whether or not iron pyrites assists in the spontaneous 
ignition of coal. 

The Formation of Hydrogen Sulphide by IIeating Mixtures of 
Coal and Sulphur, 

From the results obtained in the previous section, it would 
appear that the production of hydrogen sulphide resulted from 
heating the coal with the sulphur which previously had been 
deposited upon it. To investigate this question, mixtures of 
20 grams of coal with various proportions of sulphur were heated 
in a glass tube in an electric furnace to 500°. 

In the first series of experiments a stream of moist carbon 
dioxide was passed through the tube, and was interrupted only to 
test whether all the volatile gases had been liberated from the 
coal. 

In the second series of experiments, the air was displaced from 
the glass tube containing the mixture of coal and sulphur by means 
of a stream of dry carbon dioxide. The carbon dioxide was turner 1 
off until all volatile matter had been expelled from the mixture, 
then the residual gases were swept into the absorption, train by 
means of the current of dry carbon dioxide. 

Dry carbon dioxide was driven regularly over the heated mix¬ 
tures in the experiments comprising the third, series. The current 
of carbon dioxide was interrupted only to test for the cessation of 
the evolution of gas from the mixtures. 

The apparatus and the method of collecting the hydrogen 
sulphide have been described in the previous part of the paper. 

The following table gives the weight (in grams), of sulphur that 
was eliminated as hydrogen sulphide and the weight of sulphur in 
the coke from mixtures of 100 grams of coal with different quanti¬ 
ties of sulphur: 
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Result 
1 ' 
a 

4 

5 

6 

* j 


8 ' 



fO 

0*608 

0*049 

0*618 

0*049 

0*619 

0*049 

9 | 



i 

0*613 

0*872 

0*617 

0*693 

0*623 

0*604 

10 I 



2 

0-618 

1*801 

0*835 

1*502 

0*871 

1*025 

Ji 


Coal c< E,” - 

3 

0*617 

2*673 

1*201 

1*712 

1*114 

1*513 

12 



4 

0*615 

3*397 

1*439 

2*383 

1*503 

2*007 

13 



5 

0*612 

4*413 

1*423 

2*524 

1*501 

2*188 

14 J 



l<5 

0*617 

5*216 

1*457 

2*591 

1*512 

2*436 

15 ) 



r o 

2*877 

1*098 

2*878 

1*097 

2*905 

1*097 

16 



i 

3*054 

1*897 

3*082 

1*803 

3*085 

1*802 

17 



2 

3*236 

2*633 

3*298 

2*516 

3*284 

2*517 

18 1 

.. 

Coal “CP - 

3 

3*509 

3*189 

3*611 

3*167 

3*627 

3*091 

10 



4 

3*605 

4*314 

3*828 

3*591 

3*971 

3*388 

20 



5 

3*892 

4*846 

3*909 

3*807 

4*426 

3*645 

21 J 



(6 

3*955 

5*684 

4*136 

4*070 

4-518 

3*923 


It is well known that sulphur below its boiling point combines 
with .hydrogen, and when heated to 200° reacts with paraffin or 
vaselin, forming hydrogen sulphide. Even if little free hydrogen 
is evolved from coal at 500°, the action of sulphur on bituminous 
coal would explain the production of hydrogen sulphide. 

Evidence that the coal behaved differently when heated with 
sulphur was noted by the change in the character of the coke. 

When coal “ A ” was heated alone to 500°, a firm, hard coke 
with submetallic lustre was produced, but as the quantity of 
sulphur admixed with the coal increased, the coherence of the 
coke residue diminished. Indeed, in the experiments of series 1, 
when the coal was heated with 6 grams of sulphur, the resulting 
coke was quite pulverulent. The cokes were less powdery in series 
2 than in series 1, and in series 3 than series 2. The above state¬ 
ments were true also for coals “ B ” and “ C” 

The influence of moisture on the production of hydrogen sulphide 
was particularly noticeable (compare Jones, Mem . Manchester Phil , 
Soc., 1904, 48, No. XVI.). In the experiments in series 1, in 
which moisture was admitted, the sulphur evolved as hydrogen 
sulphide exceeds the quantity collected in the corresponding ex¬ 
periments in series 2 and 3. In series 3, dry carbon dioxide was 
passed continually over the mixtures, and the production of 
hydrogen sulphide was the smallest. 


Weight of 

sulphur ^ Series 1. Series 2. Series 3. 


100 

grams 

S in. 

S as 

S in 

S as 

S in 

S as 

Sample, of coal. 

coke. 

H a S. 

coke. 

ELS. 

coke. 

H„S. 

Grams. 

Grams. Grams, Grams. Grams. Grams. Grams 


f 0 

1*352 

0*032 

1*361 

0*031 

1*363 

0*031 


1 

1*373 

0*801 

1*394 

0*605 

1*394 

0*515 


2 

1*374 

1*652 

1-401 

1*151 

1*391 

0*997 

Coal " A.” < 

3 

1*371 

2*302 

1*393 

1*572 

1*404 

1*354 


4 

1*379 

3*109 

1*402 

2*095 

1*395 

1*736 


5 

1*370 

4*036 

1*401 

2*097 

1*397 

1*831 


u 

1*373 

4*783 

1*395 

2*103 

1*403 

1*987 
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it is impossible, however, to state definitely how far moisture is 
responsible for the formation of hydrogen sulphide, as water is 
one of the decomposition products on heating coal, and therefore 
its elimination is incapable of being- accomplished. Thai- it is a 
very important factor is demonstrated by the greater production 
of 'hydrogen sulphide in series 1 than in either series 2 or 3. 
Furthermore, with coal <£ 0,” which contained more than 3 per 
cent, of moisture, the difference between the results in series 2 and 
3 and those in series 1 is not so marked as with the comparatively 
dry coals “A” and “ BA That moisture is probably not the sole 
factor is substantiated by the production of hydrogen sulphide on 
heating such a mixture as sulphur and paraffin. 

The decomposition of the moisture by the heated sulphur would 
produce* oxygen and hydrogen sulphide, and the loss of the caking 
power would appear to he explained satisfactorily as the result 
of the oxidation to inert substances of those particular compounds 
which endow the coal with this property. This was upheld by the 
fact that the coke increased in hardness from series 1 to 3, that is, 
as the moisture admitted to the reaction was diminished. No 
attempt was mad© to determine whether any carbon dioxide was 
reduced by the heated coal to carbon monoxide (se© Meyer and 
Schuster, Ber. } 1911, 44, 1931). 

The weight of sulphur fixed in the- coke showed no marked varia¬ 
tion with the different mixtures containing coal “A”; but the 
cokes from coals “ B ” and “ C ” exhibited a gradually increasing 
fixation of sulphur. The presence of moisture tends to reduce the 
quantity of sulphur left in the coke. 

During each experiment there accumulated a precipitate of 
sulphur in the sulphuric acid wash-bottle. This was noticeable 
particularly with the coal mixtures containing the larger quanti¬ 
ties of sulphur. At the conclusion of an experiment the* sulphuric 
acid was found to emit a pungent and disagreeable garlic-like odour. 

The experiments indicate that where mixtures of sulphur and 
coal are heated, the sulphur is evolved largely as hydrogen sulphide 
and that its formation is increased by the presence of moisture. 

These conditions are fulfilled admirably during the initial stage 
of a gob fire 5 for sulphur becomes mixed with the coal, moisture is 
present, and the temperature gradually rises. Therefore it is not 
surprising that hydrogen sulphide is liberated from tlx© gob and 
that sulphur dioxide is not observed until the fire breaks externally. 
Incidentally, the author may add that he has been assured by one 
who has had experience of gob fires that the odour produced in the 
room by heating coal with sulphur is almost identical with the 
peculiar and characteristic i( gob stink,” 
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Hence it may be argued that such a series of reactions as the 
following take place in the gob. First, iron pyrites assists the 
ignition and liberates sulphur dioxide. The materials in the 
locality are heated and evolve hydrogen sulphide, which reacts with 
the sulphur dioxide to form sulphur. The sulphur is deposited 
on the coal which is being heated gradually, and from this mixture 
the sulphur is disengaged as hydrogen sulphide. 

It certainly cannot be inferred that iron pyrites has no influence 
on the spontaneous ignition merely because hydrogen sulphide, and 
not sulphur dioxide, is liberated from the gob. 


The Formation of Hydrogen SulpMde by Heating Mixtures of Goal 
and Iron Pyrites . 


The experiments in this section were made in the same manner 
as those just described. The mixtures of coal and iron pyrites were 
heated in a glass tube in an electric tube furnace to 500°. Previous 
to the beating, the air was displaced from the tube by a stream of 
carbon dioxide, whilst at the conclusion the residual gases were 
swept into the absorption train, containing acidified copper sulphate 
solution, by again turning on the current of carbon dioxide. 

The analysis of the iron pyrites gave the following results; 


Silica .. 1*410 per cent. 

Iron. 45*902 „ „ 

Sulphur .. 5.1*978 „ ,, 

Copper . trace 


The weight of sulphur evolved as hydrogen sulphide from various 
mixtures of coal and iron pyrites is given in the accompanying 
table. 

Weight of iron Weight of sulphur 
pyrites mixed with evolved as hydrogen 


Result, 


Sample. 


100 grams of coal. 
Grams. 


sulphide. 

Grams, 


i 

o 


2 

4 

5 


Coal " A ” 


f 0 
2 
4 
0 
8 
10 


0*031 

0*208 

0*387 

0*533 

0*066 

0*876 


7* I 
8 
9 
10 
11 

12 J 


Coal 44 B ” 


0 

2 

4 

6 

8 

10 


0*049 

0*604 

0*685 

0*789 

0*901 

1*013 


16 f Coal u C *’ 

17 

18 J 


0 

2 

4 

6 

8 

10 


1*089 

1*620 

1*953 

2*194 

2*576 

3*058 
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Hence, the liberation of hydrogen sulphide from a gob hire may 
be duo, to a certain extent, to the effect of the coal being heated 
in the presence of iron pyrites. 

The ’Formation of 'Hydrogen Sulphide by Fussing Moist Vurban 
Dioxide over Heated Iron Pyrites, 

A stream of dried, carbon, dioxide was passed over iron pyrites 
heated as in the previous experiments to 500° in an electric tube 
furnace, and no hydrogen sulphide could be detected in the issuing 
gases. 

When, however, a current of moist carbon dioxide was passed 
over the heated iron pyrites it resulted in the immediate produc¬ 
tion of hydrogen sulphide (compare Jones, loo. cit .), A consider¬ 
able accumulation of sulphur collected in the cooler parts of the 
glass tube. 

This experiment indicates that some of the hydrogen sulphide 
liberated from a gob lire may owe its origin to the action of mois¬ 
ture on heated iron pyrites. In the gob there would be oxidisable 
material, which would acquire with avidity the oxygen produced by 
the decomposition of the moisture, and would thereby tend to 
promote the formation of the hydrogen sulphide. 

The Formation of Hydrogen Sulphide by Passing Hydrogen over 
Heated Iron Pyrites , 

For the experiments in this part 2 grams of iron pyrites were 
placed in each of two tubes (48 cm. long and 1 cm, in diameter), 
which were introduced simultaneously into an electric tube f urnace 
at 500°, Through one tube was passed a stream of dry hydrogen 
at the same rate as moist hydrogen was driven through the other. 

The gases leaving the tube were delivered direct into acidified 
copper sulphate solution. The precipitated copper sulphide was 
collected every fifteen minutes, and the sulphur estimated as previ¬ 
ously described. 

The quantity of sulphur emitted as hydrogen sulphide is given 
in the following table [under (a) when dry hydrogen was passed, 

Time. Sulphur evolved as hydrogen sulphide 


Minutes. * 

(a) 

Grams, 

(6) 

Grams. 

15 

0*436 

0-779 

30 

0*608 

1*140 

45 

0*705 

1*388 

60 

0*753 

1*518 

75 

0*773 

1*590 

90 

0-792 

1-628 

105 

0*796 

1*632 

120 

0-801 

1*686 
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under (h) when wet hydrogen was used. The results are calculated 
for a weight of 10 grams of iron pyrites.] 

The values clearly demonstrate the paramount importance of 
moisture in the reduction of iron pyrites by hydrogen. 

In the coal mine the gob may reach a high temperature when 
hydrogen will form a considerable proportion of the gases emitted 
from the coal (Burgess and "Wheeler, T., 1910, 97, 1917). 

In these circumstances, should it pass over heated iron pyrites, 
hydrogen sulphide would constitute one of the gases emitted from 
the gob. 

The author’s thanks are due to Mr. George William Farmer for 
assistance in the last series of experiments. 

The Chemistry Department, 

Mining and Technical College, 

Wigan. [Received, July 14 th, 1917.] 


LXXIV .—The Constitution of Carbamides. Part IV . 
The Mechanism of the Interaction of Urea and 
Nitrous Acid . 

By Emil Alphonse Werner. 

The decomposition of urea by nitrous acid is generally considered 
to be properly expressed by the following simple equation: 

CON 2 H 4 + 2HN0 2 « C0 2 + 23ST 2 + 3H 2 0, 

and this reaction is frequently cited in text-books as additional 
evidence in support of the tf carbamide” structure of urea. 

Theoretically, this reaction should be available for the estimation 
of urea, as is commonly suggested in the literature; it is never used 
for this purpose, and it is doubtful whether it ever has been, since 
experiment has proved it to be quite' valueless. On the other hand, 
it constitutes a well-known method for the estimation of nitrous 
acid, with a very fair degree of accuracy, on the supposition that 
the* above equation is true. No doubt for this reason, and on 
account of the employment of other methods for the estimation of 
urea, this reaction has been considered all along as a normal change, 
scarcely deserving of any further investigation. 

In continuation of the author’s work on the constitution and pro¬ 
perties of urea, its behaviour towards nitrous acid has been sub¬ 
mitted to a careful quantitative study. The following are some of 
the more important facts which have been observed, and whilst they 
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show what an erroneous conception lias been generally entertained 
regarding the nature of this reaction, they fully justify the. neces¬ 
sity for a proper investigation into the true mechanism ot I he 
change. 

1. Urea and pure nitrous acid in aqueous solution did not inter¬ 
act. (Expts. IX, X.) 

2. The presence of a strong acid (hydrochloric or nitric) quickly 
promoted a brisk interaction, oven in dilute solutions, and the reac¬ 
tion was completed in a relatively short time. 

3. The presence of a weak acid, such as acetic acid, did not pro¬ 
mote an interaction, unless the concentration was abnormally high, 
and even then the velocity of the reaction was extremely slow. 

•1. The volume of nitrogen evolved was not a direct measure of 
the amount of urea decomposed, calculated on the basis -of the 
above equation; the quantity decomposed was much greater* than 
that indicated by the evolved nitrogen. 

5. Only when urea was present in considerable excess was the 
volume of nitrogen evolved an approximately true estimate of the 
amount of nitrous acid decomposed. 

6. The volume ratio, of carbon dioxide to nitrogen (1 ;2) required 
by the equation has never been obtained; the proportion of carbon 
dioxide was always much higher ; moreover, the composition of the 
gas was liable to much variation with small changes in concen¬ 
tration. 

It is obvious that, so far as the usual explanation of this reaction 
is concerned, all these facts stand out as anomalies for which the 
ordinary equation offers no explanation. 

Now, anomalies in such a reaction can have no reality ; their 
apparent existence, is the natural consequence of an erroneous con¬ 
ception, of the change, and when the true constitution of urea is 
considered they appear as normal phenomena which reveal the true 
mechanism, of the interaction. 

Mechanism of the Interaction of Urea and Nitrous A cuL 

In the course of a recent investigation on the properties of pure 
nitrous acid, Riy, Bey, and Ghosh (this voL, p. 414) noticed that a 
solution of the acid (7\f/32-HN0 2 ) was practically without action on 
urea, “ no matter how much urea was added.” They found that the 
addition of sulphuric acid was necessary to promote, and complete 
a reaction. This anomaly, they remark, <£ was without any appa¬ 
rent reason/’ a just comment when urea is believed to be carb¬ 
amide. Pure nitrous acid in aqueous solution does not react with 

f Bee remarks on page 870 , 
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urea uuiil an amino-group is proscukd for attack, a condition 
brought about by the production of a, salt of urea on the addition 
of a sufficiently strong acid, thus: 

hn:c<^ Hs +hx = hn:c<^® s ’ hx . 

The first stage of the reaction then takes place, in accordance with 
the equation*: 

(a) HN:C<^ jHX + HN0 2 = N 2 + HNCO + 2H,0 + HX. 

The cyanic acid is decomposed in two ways as fast as it is generated, 
ft is hydrolysed/l* thus: 

(h ) HN 00 + H 2 0 - NH ;i + CO,, 

and directly attacked by nitrous acid, according to the equation: 

(r) HNC0 + HN 03 =C 0 2 + N s + Ha0 (see Expts. VII and VIII). 

Both these decompositions proceed simultaneously with the 
primary reaction (u), but the relative proportions in which they 
take place can be varied at will, within certain limits, by adopting 
suitable conditions which will be presently shown. 

The production of cyanic acid has been easily demonstrated by 
its isolation in the form of the silver salt; thus when urea was 
attacked by nitrous acid in the presence of silver nitrate and a 
small excess of nitric acid, a yield of pure silver cyanate was 
obtained equal to 4,2 per cent, of the theoretical, calculated on the 
equation: 

(d) HN:C<q^’ HN ° 3 + BNO,, + AgNOg = 

N 2 + AgOCN 4-2HN0 S + 2H S 0. 

Considering the favourable conditions for hydrolysis, and the very 
sensible solubility of silver cyanate in dilute nitric acid, such a result 
was even more successful than could reasonably have been ex¬ 
pected. 

It will be seen now that when urea (in the form of a salt) and 
nitrous acid interact, a certain proportion of nitrogen from the 
urea is always fixed as an ammonium salt, and herein lies the fallacy 
of the reaction, so far as the estimation of urea is concerned. 

The variations observed in the ratios of carbon dioxide to nitrogen 
are thus easily explained, since the volume' of nitrogen evolved is 
lowered in proportion to the amount of cyanic acid hydrolysed. 
The latter change can be only partly suppressed, even under the 

* No doubt this decomposition originates through the medium of 
dxazotisation. * 

f Cyanic acid in water alone is hydrolysed to urea, 2HNC0-j-H s 0« 
'OON a H 4 + CQ a (Normand and Gumming, T., 1912, 101, 1859); in the 
presence of mine ral acid, of course, the change is as above, 
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most favourable conditions (that is, high concentration am! nitroiiH 
acid in excess), with the result that the ratio of carbon dioxide to 
nitrogen evolved is never that which has been erroneously assumed, 

Mow, according to the above explanation, the interaction of urea 
and nitrous acid is theoretically clearly divisible into two stages, 
during the first of which one molecule, of urea, is completely decom¬ 
posed by one molecule of nitrous acid, instead of by two molecules, 
as has been commonly, hut falsely, supposed. 

Tins has been easily proved experimentally, by adopting the exact 
conditions which the theory rigorously demands, namely, (1) the 
presence of urea in excess at the outset, (2) a low concentration of 
nitrous acid, (3) the presence of mineral acid in excess of that 
required to neutralise ammonia generated from the hydrolysis of 
cyanic acid, and so to maintain the proper configuration of the urea 
molecule. Under these conditions the decomposition of cyanic acid 
by nitrous acid can be almost completely suppressed in favour of 
its decomposition by hydrolysis, 

A knowledge of the amount of cyanic acid hydrolysed, compared 
with the volume of nitrogen evolved, is an all-important factor, by 
means of which a very clear insight into the mechanism of the 
reaction has been obtained. 

The following results illustrate the degree of success which has 
been realised in experimentally proving the problem which is indi¬ 
cated by the theory of the change now put forward. 

Table I. 


Molecular ratios 

I. 

00N 2 H 4 H-HNO 2 . 

1 : 1 

11. 

CON a H 4 +HNO.». 
1-5 ; 1 

III. 

CON a H 4 '+-HN(),, 
2 ; 1 

Nitrogen evolved, 
calculated on the 
theoretical . 

1)2*5 per cent. 

05*72 per cent. 

90*34 per cent. 

HNCO hydrolysed 

87*0 

98.0 - „ 

99-5 „ 

HNCJO decom¬ 
posed by BTNOjj 

13-0 

4-0 „ 

0-5 „ 

Proportion of 

urea actually de¬ 
composed by 
on© molecule of 
HN0 2 ............ 

79-5 „ 

91-73 „ 

98-84 „ 

Composition of) 
gas evolved.1 

C0 2 =43-1 „ 

N a =53-6 „ 

NO = 3-2 „ 

CO,,=43-2 „ 

N 8 =54-5 „ 

NO = 2-2 „ 

00,-44*2 „ 

N 2 "—54*3 „ 

NO - 1*3 „ 

Ratio'C0 2 to N... 

1 : 1-24 

1 : 1-28 

l ; 1*22 


It will be seen, on viewing the results of the above experiments 
(the full details of which are given under Expts. V,, VII., and 
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^ML) ? tlia,t ili-e amount of urea decomposed by one molecular 
proportion of nitrous acid, according to the equation. 

HN :C<Q X + HN0 2 • N 2 + HNCO + 2H s O + HX 

was less than that indicated by the volume of nitrogen evolved. 
The difference was most marked when the exact proportions (equal 
molecules) of urea and nitrous acid required by the equation were 
used, since the conditions were less favourable for a quantitative 
realisation of the second change, namely, 

UNCO + HoO + HX = NH 4 X + C0 2 , 
than when a considerable excess of urea was present. In the latter 
case, the desired object was almost fully attained (III), and the 
true nature of the primary stage of the reaction thereby 
established. 

As regards .the composition of the evolved gases, the ratio of 
carbon dioxide to nitrogen was in each case approximately 1:1'20; 
this, of course, was not the true value, since a very sensible amount 
of carbon dioxide was held in solution in the residual liquid; when 
corrected, in the case'of result III, for example, the true ratio 
was COo= 1, N = 1*02, or 1:1 as required by the combination of 
the two equations. 

It may be well to direct attention here to the constant presence 
of a small amount of nitric oxide in the evolved gas; whilst this 
was no doubt due to the decomposition of a corresponding pro¬ 
portion of nitrous acid, thus, 3HNO a = HNOj* + H a O 4 - 2ND, it was 
not found possible to eliminate it completely, even when urea was 
in excess and the concentration of nitrous acid, at the outset of 
the reaction, was as low as Nj 20. Under such conditions as are 
commonly adopted, in the estimation of nitrous acid by the aid 
of urea, the proportions' of nitric oxide may easily amount to 
between 6 and 8 per cent, of the evolved gases, according to the 
particular concentration of the solution used. This fact appears 
to have been generally overlooked. 

It is obvious when the ratios HNO s :N and 3HN0 2 : 2NO are 
compared that the presence of nitric oxide must lead to a result- 
in excess of-the true value; for example, in the case of result III, 
table I, if the nitric oxide found was included as nitrogen, the 
yield of the latter would appear as 101*8 per cent, of the 
theoretical. 

Bay and his co-workers (loc. cii.), using a solution of nitrous 
acid of concentration Nj 32, obtained a result which they found 
was in excess of the true value in, nearly the same proportion as 
above, and no doubt for the same reason. This decomposition of 
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nitrous no id readily explains why a solution of compa.ra i ively high 
concentration, say 11 NO., - - ;V/6, can slowly attack urea; the 
generation of nitric acid gradually brings about the required 
condition. 

The results under table i were obtained by adding the 
theoretical proportion of nitrous acid slowly and at intervals to 
the acid solution of urea. A. very low concentration of nitrous 
acid was thus ensured throughout the progress of the reaction. 

When the molecular proportion of nitrous acid was added all 
at once, the concentration at the outset being UNO., .-iX j(\ the 
results, as was to be expected, were very different, as shown below 
(Expis. IV. and V.). 

Taulk H. 


\. 

CON 8 H 4 +HNO a . 
Molecular ratios 1 ; 1 

Nitrogen evolved U 1*46 per coni. 


if. m 

a>NMI 4 ~KHN(> 3 CON a Il 4 j-JINO, 
. b5 : 1 2 : 1 

94*40 per cent. 90*48 per cent. 


HN CO hydro- 


lysed.... 

H'NCO decom- 

71*5 

posed by UNO* 

28*5 

Urea actually do- 


composed by 

HNO* .. 

6V*,%* 

Composition of J 
gas evolved [ 

co a «:wj.fl „ 

N„ =.'3 59*2 „ 
NO — 4*2 „ 


74*5 „ 70*0 

25*5 „ 24*0 


GS'OG „ ?j-4# 


OO a :- 

-87*8 „ 

CO..-'- 

48*0 

N. v* 

-59*08 „ 

N, *. 

54-1 

Nb - 

- 3*06 „ 

NO 

*»„•*> 


Whilst the volume of nitrogen evolved was only slightly below 
that previously observed, the amount cyf urea decomposed was, in 
each case, much less than before. This was the natural result of 
the much greater facility offered for the decomposition of cyanic 
acid by nitrous acid at the higher concentration. The latter was 
also responsible' for the slight increase in the proportions of nitric 
oxide. The constancy * to be observed in the proportions of 
carbon dioxide and. nitrogen in the evolved gases, as shown in 
both tables, in spite of the fairly wide differences in the propor¬ 
tions of urea decomposed, is easily explained when the ratios of 
cyanic hydrolysed to cyanic decomposed by nitrous acid are con¬ 
sidered. 

As regards the very slow reaction which was noticed to take 
place between urea. and nitrous acid in the presence of acetic acid 
(when HN0 2 =IV'/4), this was entirely due to the gradual deeom- 

* Within the limits of experimental error, the rate of mixing, for instance* 
which affects the velocity of the reaction, has a decided influence on the 
above ratios. 
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position of ill© former acid. Urea acetate lias been described by 
Matignon (Uom.pt. rend., 1891, 112, 1369) as a compound which 
was completely dissociated in aqueous solution, hence acetic acid 
could not establish the essential condition required to promote the 
desired interaction (Expts. IX. and X.). 


Decomposition of Urea in the Presence of Two Molecular 
Proportions of Nitrous Ac id. 

The results recorded in table I have conclusively proved that 
urea can be completely decomposed by one molecular proportion 
of nitrous acid; that this is not accomplished under the conditions 
which are commonly employed is solely due to the disturbing effect 
of the secondary reaction (c). 

Now, according to the usual interpretation of the change, two 
molecular proportions of nitrous acid should be required to 
decompose one of urea. 

The effect after treating urea directly with nitrous acid in these 
proportions, and at different concentrations, in the presence of 
hydrochloric acid to promote the change are given below (for 
details see Expts. I., II., and III.). 


HN0 3 N/ 3 
I, Urea JV/0 
(2 e,o. iV-HOl) 


Table III. 

Nitrogen evolved. Composition of evolved gases. 


} 

HNOo JV/a 1 

. Urea IV/12 V 
(2 o.o. AMICI) J 


II, 


UNO, N/S ) 
Ill. UroaW/10 V 
(2 e.c, AMICI ) 


H NO., N/K) 
IV, Urea *7/20 
(3 e.e. N-HOI) 


Per cent, 
72*02 

71-99 

09*19 

72*07 


Per cent. 

CO 2 ~35*0, N 2 ~55*4, NO = 9-5 

CO a »32*l, N a «58*2 f NO~9*0 

COy^‘32-0, Njt-57-3* NO =10*0 

CG 3 =s 31*1, N a *C8*l f NO = 10*4 


In each case it was readily proved that all the urea had been 
decomposed, whilst an excess of nitrous acid remained, yet. in round 
numbers only about 70 per cent, of the theoretical proportion of 
nitrogen was evolved. The remainder of the nitrogen was, of 
course, present as ammonium chloride * in the residual solution 

* It is interesting to note that Claus (Ren, 1872, 4, 140) long ago noticed 
the formation of ammonia when nitrous acid reacts with urea; thus, he gave 
the following equation for the reaction in the cold; 2CON 2 H 4 +N a O a == 
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it will be noticed also that, even without a,bowing for carbon 
dioxide held in solution, the ratio of carbon dioxide in nitrogen 
was still well below that of 1 :2 as required. 

An equally marked divergence from the theoretical mulls was 
obtained, by carrying out the reaction in two so pa rale singes. .It 
will be obvious that, according to the usual, but false, explanation 
of the change, such a procedure should give similar results for 
each stage. This was not so. Whilst the first stage was repre¬ 
sented by the values given under I, table IT, the volume of 
nitrogen evolved in the second stage was equal lo only 2G‘38 per 
cent, of the original amount of urea present, hence (>:b%-{ 21V:>8 
89*34 per cent.; nitrogen from the remainder of the urea (10* G6 
per cent.) was fixed as ammonium chloride in the second stage, 
(see Expt, TV,)- 

The composition of the evolved gases, namely, 00^-22*4 per 
cent., N 2 =50*7 per cent., NO —26*8 per cent., was very different 
from that of the gases set free lip the first stage. 

A rather remarkable paradox makes its appearance when the 
results are compared on the basis of the false and of the true 
equations; thus, according to the usual interpretation of the reac¬ 
tion, the amount of urea decomposed was roughly 30 per cent, 
greater (table III) than indicated by the volume of nitrogen set 
free, whereas in reality the amount of urea decomposed was much 
less than required by the volume of nitrogen evolved. The para¬ 
dox, of course, is but a phantom; its existence is just as unreal 
as the usual explanation of the change is incorrect. 

A contemplation of the results just recorded, and so easily 
demonstrated, makes it almost impossible to believe that the 
behaviour of urea towards nitrous acid, has ever been seriously 
studied with the object of obtaining evidence to support the sup 
posed ** carbamide ” formula.* . ..•’ *** 

Whilst the present study of the reaction 1ms supplied further 
proof of the cyclic formula, it lias also brought to light yet another 

(NH 4 ) 2 C0 3 + 2N 2 -f- CO,, It was assumed, however, that urea was 
hydrolysed to ammonium carbonate during the process, apparently in- 
dependent of the reaction with nitrous acid, since the proportion of carbon 
dioxide to nitrogen evolved is shown to be the same as in the usual 
equation; probably for this reason, the observation is never mentioned in 
the text-books. 

* Emmerling (A., 1886, 50, 747; the original paper in Landw, Fcr- 
mchs-Stat., 1886, 440, was not available) studied the decomposition of 
urea by nitrous acid in the presence of nitric acid and acetic acid 
respectively, both in cold and in hot solutions. The volume of nitrogen 
evolved was found never to bo equal to the theoretical, but no apparent 
attempt was made to offer any explanation of the results. 
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of the many fallacies which abound throughout- the chemistry of 
urea. 

The origin of these is not far to seek. 

Instead of a careful study of the properties and reactions of 
urea being made the groundwork for solving the problem of its 
constitution, an almost infallible belief in the truth of the carb¬ 
amide formula has all along been the predominant factor in deter¬ 
mining what these properties and reactions should be. 

Secondary changes, seemingly unimportant by-products, apparent 
abnormalities in certain reactions, and so forth, have been pushed 
aside as of little consequence so long as the end result could be 
made to fit in with the “ carbamide ” structure. 


Experimental. 

With one exception, all the experiments were made with the aid 
of a Lunge nitrometer. The specimen of sodium nitrite used for 
the generation of nitrous acid contained 97*18 per cent, of 
NaNCX;’* a proportionate weight (71:69) corresponding with the 
theoretical required was used in each case. 


A cilion of Nitrous A aid on Urea in Molecular Proportions of 
Two to One . 

Expt. 1. —0*03 Gram of pure urea and 0*071 gram of sodium 
nitrite dissolved in 1 c.c. of water were introduced into the nitro¬ 
meter over mercury, and 2 c,c, of TV-hydrochloric acid directly 
added. 

Concentration at outset, HN0 9 = iV/3, CON 2 H 4 =iV/6. The 
reaction was apparently completed within thirty minutes, whilst 
more than four-fifths of the gas had been evolved after five 
minutes. In this and all other experiments not less than one 
hour was allowed to elapse before the gas was measured and 
analysed. 

Gas evolved — 31*4 c.c. at 18° and 766*5 mm. COo = 11 c.c., 
NO = 3 c.c., Na = 17*4 c.c. " ~ - 

Volume of nitrogen at N.T.P.= 16*134 c.c., ==72*02 per cent, 
of the theoretical. (Theory=22*4 c.c. at N.T.P.) 

Expt. II.— As above, hut HN0 2 =W/6, CON 2 H 4 ==iV712. 

Gas evolved — 29*7 c.c. at 16° and 763*5 mm, C0 2 = 9*55 c.c., 
NO=2 # 85 c.c., N 2 =17*3 c.c. 

* .Estimated by the thiourea method (T., 1912,101, 2190, and, Coade and 
Werner, 1913,103, 1221), 
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Volume of nitrogen at N.T.P. = 16*126 c.c., =71*99 per cent, of 
the theoretical. 

Ex pi, Ill .—The last experiment was repeated to prove the cause 
for the deficiency of the evolved nitrogen. 

After the evolution of gas had ceased, the residual liquid was 
well washed out of the nitrometer. It required for neutralisation, 
using methyl-orange as indicator, 6*1 c.c. of Nj 10-sodium hydr¬ 
oxide. Since 1 c.c. of A-hydrochloric acid was directly neutralised 
in liberating nitrons acid, there should have remained, according 
to the usual equation, free acid equivalent to 10 c.c. of N /10- 
sodium hydroxide. Hence 10 — 6*1=3*9 c.c. of iV/10-hydrochlorio 
acid were neutralised by ammonia from the hydrolysis of cyanic 
acid. Now, according to equations (a) and (b) (p. 865), the maxi¬ 
mum amount of acid that could be thereby neutralised would be 
5 c.c. of iY/10-hydrochloric acid, therefore 78 per cent, of the 
theoretical proportion of cyanic acid was hydrolysed, or so much 
of its nitrogen was fixed as ammonium chloride. The remainder 
of its nitrogen, namely, 22 per cent-., was set free (equation c) f 
together with that from urea, in accordance with equation (a). 

Since all the urea was decomposed with the liberation of half 
of its nitrogen, we have 50 + 22 = 72 per cent, of the total nitrogen 
set free, which was in complete agreement with the result obtained 
from Expt. II. 

As the results with urea and nitrous acid (1:2) at lower con¬ 
centrations (table III) were obtained in a manner similar to the 
above, further details are unnecessary. 


A ft ion of Nitrons Add on Urea (2:1) in Tiro Stages. 

Expt* IV, First Stmje- 0*06 Gram of urea and 0*071 gram of 
sodium nitrite were dissolved in 4 c.c. of water, and 2 c.c. of 
iV-hydrochloric acid directly added. 

Concentration, COKJI 4 = iV/G, HNO^A/6, 

Gas evolved = 37*5 c.c. at 18° and 768 mm, CO* = 13*7 c.c., 
NO = l*6 c.c., N a =22*2 c.c. 

Volume of nitrogen at N*T.P. = 20*49 c.c., =91*46 per cent, of 
the theoretical. 

Second Stage .—The gas having been expelled from the nitro¬ 
meter (from a repeated experiment), 0*071 gram of sodium nitrite 
dissolved in 1 c.c, of water was added, and then 1 c.c. of iY-hydro- 
chloric acid. The evolution of gas was very much slower than in 
the first stage, and five hours were allowed for the completion of 
the reaction, 
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Gas evolved — 25*3 c.c, at- 18° and 769*3 mm. CO* = 10*25 c.c. } 
NO = 2*35 c.c., N. = 12*7 c.c. ~ , 

Volume of nitrogen at N.T.P. = 11*82 c.c. = 52*7(5 per cent, of 
the theoretical. 

An analysis of the residual solution after the first stage showed 
that 7*15 c.c, of A/IQ-hydrochloric acid had been neutralised, 
equivalent to 71*5 per cent, of cyanic acid hydrolysed, therefore 
28*5 per cent, of the evolved nitrogen was the result of the reaction 
between nitrous acid and cyanic acid (equation c ); hence 
91*46 — 28*5 = 62*96 per cent, of the urea present was decomposed 
in this stage. 

Therefore only 37*04 per cent, of urea remained to be attacked 
by nitrous acid in the second stage, and since 52*76 per cent, of 
nitrogen was evolved, it follows that 52*76 — 37*04 = 15*72 per cent, 
of the nitrogen set free in this stage was due to the above reaction 
(equation c). 

A comparison of the results from the two stages is not without 
interest. 


First stage. 
Per cent. 


Urea decomposed . =02*96 

HNCO hydrolysed . =71*50 

HNCO decomposed by HNO, ... =28*50 


Second stage. 
Per cent. 
37*04 
57*60 
42*40 


(CO, =30-5 

Composition of evolved gas.=59*2 

Ratio CO, : N 2 I : 1*62 


40*5 

50*1 

9*3 

1 s 1*23 


Since nitrous acid was in considerable excess in the second stage 
(which should not be the case, according to the usual equation), 
the proportion of cyanic acid attacked by it to cyanic acid hydro¬ 
lysed was much greater than in the first stage. 

Decomposition of Urea by One Molecular Proportion of 
Nitrous Acid. 

In order to illustrate how the results given under table. I were 
obtained, it will be sufficient to state the details of the most success¬ 
ful experiment. 

Kxpt. V. —0*12 Gram of urea was dissolved in 3 c.c. of A-hydro- 
chloric acid, and the solution introduced into the nitrometer; 0*071 
gram of sodium nitrite dissolved in 2 c.c. of water was placed in the 
cup (previously rinsed) of the nitrometer, and added gradually in 
four separate portions to the urea solution. The reaction, which 
was hastened by shaking to ensure rapid mixing, was allowed to 
complete itself before each addition of the sodium nitrite. w; : ;; ,i 

VOL, CXI. 
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Gas evolved (after one hour) = 44*12 c.c, at 18° and 766*4 mm.; 
C0 2 = 19‘6 c.c.,; NO = 0*S c.c.; N 2 = 24*0 c.c. 

Volume of nitrogen at IST.T.P. = 22*252 c.c. = 99*34 per cent, of 
the theoretical. 

The residual solution from a similar experiment required 10*05 c.c. 
of N j 10-sodium hydroxide for neutralisation. 

Hence 20 (2 c.c. of A-hydrochloric acid originally free) —10*05 = 
9*95 c.e. of -V /10-liydrochloric acid were neutralised as the result of 
cyanic acid hydrolysis, which was therefore almost complete. There¬ 
fore the amount of urea actually decomposed was 99*34 — 0*5 = 
98*84 per cent, of the theoretical, only 0*5 per cent, of the evolved 
nitrogen being derived from cyanic acid. 

Therefore one molecule of urea was decomposed by one molecule 
of nitrous acid. 


Isolation of Cyanic Acid , as the Silver Salt , from the Interaction 
of Urea and Nitrous Add. 

Expt. VI. —0*6 Gram of urea and 0*71 gram of sodium nitrite 
were, dissolved in 40 c.c. of ice-cold water and to the solution T7 
grams of silver nitrate previously dissolved in 5 c.c. of water and 
5 c.c. of A-nitric acid were added. As the pale cream-coloured pre¬ 
cipitate of silver nitrite, which was immediately formed, gradually 
disappeared, it was replaced by a snow-white precipitate of silver 
cyanate. 

During the progress of the reaction, further 5 c.c. of N -nitric acid 
were added. After an hour the precipitate was collected, washed, 
and dried. It gave none of the reactions for nitrous acid, and 
contained Ag = 71*84 per cent. (AgOCN requires Ag = 72 per cent.); 
on adding a few drops of sulphuric acid to the dry salt the character¬ 
istic pungent odour of cyanic acid was evolved. 

The weight of silver cyanate obtained was 0*63 gram, which was 
equal to 42 per cent, of the theoretical for equation (d). 

The Interaction of Cyanic Add and Nitrous Add. 

As this change does not appear to have been hitherto examined, 
the following experiments were made in order to prove the validity 
of equation (c) already given. 

Expt. VII.—0*081 Gram of pure potassium cyanate and 0*071 
gram of sodium nitrite were dissolved in 2 c.c. of water and intro¬ 
duced into the nitrometer; 3 c.c. of iV T ~hydrocTiloric acid were added, "q 
that is, 1 c.c* of acid in excess, to counteract the neutralising effects J 
of hydrolysis. '■ ,4 

Concentration at outset, HNO.> and HNCO=A/5. j 
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The evolution of gas was. very rapid, and the reaction was practi¬ 
cally completed within live minutes. 

Gas evolved, after -one hour = 34*3 e.c. at IG° and 757*8 mm.; 
C0 2 = 19T e.c.; NO —3*6 c.c.; N 2 = ll*6 c.c. 

Volume of nitrogen at N.T.P.. =10*72 c.c.— 47*8 per cent, of the 
theoretical. Therefore 52*2 per cent, of cyanic acid had been hydro¬ 
lysed. 

Ex ft. VIII. —The above experiment was repeated. The residual 
solution required for neutralisation 8*5 c.c. of Nj 10-sodium hydr¬ 
oxide, instead of 4*78 c.c. as required by the gasometric analysis. 
The apparent discrepancy was easily explained when the above 
results were considered. The volume of nitric oxide evolved (3*33 c.c. 
at N.T.P.) represents a decomposition of 22*3 per cent, of nitrous 
acid, with the generation of nitric acid equivalent to 0*74 c.c. of 
Nj 10-sodium hydroxide, whilst the proportion of cyanic hydrolysed 
showed that free nitrous acid remained equivalent to 3 c.c. of 
N j 10-sodium hydroxide. Hence 4*78 -p 0*74 + 3*0 ~8*52 c.c. of 
N/10-sodium hydroxide were required, which is in complete agree¬ 
ment with the value actually found. The presence of unchanged 
nitrous acid in the residual liquid was easily proved. 

Therefore the reaction between cyanic acid and nitrous acid takes 
place theoretically between equal molecular proportions, but at a 
concentration of 27/5 the velocity of hydrolysis of cyanic acid is 
slightly higher than that of the- primary change. 

The Behaviour of Urea towards Pure Nitrous Acid alone or in 
the Presence of Acetic Acid. 

Expt. 1X>~ 0*03 Gram of urea and 0*071 gram of sodium nitrite 
were dissolved in 2 c.c. of water and 2 c.c. of 27-acetic acid were 
added. Concentration of HN0 2 =i7/4. 

There was no preceptible evolution of gas until after a consider¬ 
able time; thus, after twenty-four hours 7*4 c.c. had been evolved 
and at the end of ninety-six hours, when the experiment was 
stopped, the volume of the evolved gas was = 12*6 c.c. at 13° and 
758 mm. The volume of nitrogen at N.T.P. was = 6*56 c.c., and 
the original gas contained 9*5 per cent, of nitric oxide. 

The slow action was primarily brought about as a result of the 
gradual decomposition of nitrous acid, whereby urea nitrate was 
slowly generated. Ray and his co-workers (loc. cit.) have shown 
that even at 0° the most concentrated solution of nitrous acid, 
stable for only a short time, was approximately 27/5*5. 

Expt. X.—The same proportions of urea and sodium nitrite as 
before were dissolved in 29 c.c. of water, and 1 c.c, of 27-acetic acid 
was added. Concentration of HN0 2 = 27/30. 

* ■ ' M M 2 1 
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After remaining for three days in tlie nitrometer,, the volume 
of gas evolved was 0‘8 e.c. Yet when 2 ex*, of i^-hydrochloric acid 
were added, a fairly brisk reaction was quickly promoted, and even 
at this low concentration was almost completed at the end of half 
an hour. 

Summary . 

(1) Urea is not attacked by pure nitrous acid alone, or even 
when a second very weak acid is present. 

(2) When a salt of urea is produced, by the presence of a 
sufficiently strong acid, it is immediately attacked by nitrous acid, 
because an amino-group is thereby presented for such attack. 

(3) One molecule of urea (as a salt) requires but one molecule 
of nitrous acid for its decomposition into nitrogen, cyanic acid, 
and water, since only one amino-group is present. 

(4) Cyanic acid and nitrous acid react in equal molecular pro¬ 
portions, with the production of nitrogen, carbon dioxide, and 
water. 

(5) The usual interpretation of the reaction between urea and 
nitrous acid, which has been hitherto accepted, is incorrect; first, 
because it is in contradiction to the experimental facts, and, 
secondly, because it is based on an erroneous conception of the 
constitution of urea. 

University Chemical Laboratory, 

Trinity College, Dublin. [Received, July 2lst, 1917.] 


LXXV .—A Theory of the Mechanism of the Phyto¬ 
chemical Sy?ithesis of certain Alkaloids. 

By Robert Robinson. 

Although in recent years, largely owing to the investigations of 
Pictet and his collaborators, there has been a due recognition of 
the importance of the role played by formaldehyde in the produc¬ 
tion of alkaloids in plants, and although it is generally admitted 
(compare Winter stein and Trier, “Die Alkaloide,” pp. 263-317) 
that the amino-acids and carbohydrates are the most probable 
starting points for the majority of phytochemical syntheses, yet 
little progress has been made in ascertaining the nature of these 
processes or even in the less ambitious task of formulating possible 
mechanisms based on laboratory analogies. The details of the 
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schemes which have heen suggested, with but few exceptions, 
involve reactions for which little or no parallel exists in synthetical 
organic chemistry under conditions approximating to those obtain¬ 
ing in a. plant. Thus Pictet’s view of the mechanism of the syn¬ 
thesis of nicotine was founded on observations of pyrogenic reac¬ 
tions of pyrrole derivatives, and Winterstein and Trier seek to 
replace this hypothesis by another, according to which the base 
results from the oxidation of a mixture of pyridine and iY-rnethyl- 
pyrrolidine (Joe. elf., p. 298). Similar ideas have been advanced 
by Windaus and Knoop ( Beitr . chem. Physiol. Path 1905, 6, 392) 
to explain the formation of xanthine by the* oxidation of a mixture 
of carbamide and methylglyoxaline and of histidine by an analo¬ 
gous process applied to glycine and methylglyoxaline. 

There has thus been a tendency to explain the results observed 
by the assumption that plants have at their command enormously 
powerful reagents that are able to cause substances, the properties 
of which have been investigated with considerable care, to undergo 
transformations which cannot be induced in the laboratory. To a 
certain extent, and especially in regard to oxidation and reduction, 
this must be true, but it is probable that this aspect has been 
exaggerated and that an equally important cause of the variety 
and complexity of syntheses in plants resides in the highly 
reactive nature of the substances which function as intermediate 
products. 

The point of view reached in the present communication is due 
to a development of ideas which owed their inception to the hypo¬ 
thesis that the* synthesis of tropinone recently described (this voL, 
p. 762), on account of its simplicity, is probably the* method em¬ 
ployed by the plant, and confirmation of this theory was sought and 
found in the* structures of hygrine and cuschygrine, which stand to 
one another in the same relation as styryl methyl ketone (benzyl- 
ideneacetone) to distyryi ketone* (dibenzylideneacetoue). Having 
found it desirable to proceed from ornithine in order to reach the 
bases of the pyrrolidine group, it was obviously interesting to 
inquire as to whether similar methods applied to the homologous 
lysine would lead to naturally occurring piperidine compounds. 
This proved to be the case, and the investigation was then extended 
to include the more important of the alkaloids the constitutions of 
which have been determined. In the schemes given in the sequel, 
linking of carbon to carbon is traced to two processes only, namely, 
the aldol condensation and the very similar condensation of 
oarbinol-arnines, resulting from the combination of an aldehyde or 
ketone and ammonia or an amine, and containing the group 
*C(OH)*N% with substances containing the group *CH*CCK 
The latter reaction has been investigated chiefly in connexion 
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with co tar nine and similar pseudo-bases, and the production of 
anhydro cotar nine acetone (I) may be cited as a typical example: 


98 H «°s‘ 


--CH-OH 


CH 2 -OH 2 -NM:e 


+ CHj-OO-OH. 


CgHjOg— CH-CH 2 -CO-CH s 
CH 2 -OH 3 *NMe 
(I-) 


The condensing agent employed by Liebermaim and Kropf (Ber., 
■1904, 37, 211) in this case is unnecessary, and the reaction proceeds 
to completion in aqueous solution and at the ordinary temperature. 
in fact, these pseudo-bases are substances which enter into a 
variety of condensations with the greatest facility, and a large 
number of substances have- been prepared in this way, and in most 
cases in good yield. 

Employing these admissible methods it is possible in each 
instance to obtain the alkaloid skeleton, and the further modifica¬ 
tions are usually made by means of oxidations or reductions and by 
elimination of water with the formation of an aromatic nucleus or 
occasionally of an ethylene derivative. The more important start¬ 
ing points employed are ammonia and formaldehyde, ornithine 
(arginine) and lysine and degradation products of carbohydrates. 
Of the latter, citric acid is suggested as the source of acetone 
residues which it supplies in the form of acetonediearboxylic acid 
as the result of oxidation. Seekamp has observed the formation 
of acetone (Annalen, 1893, 278, 374) by the photochemical decom¬ 
position of a 5 per cent, aqueous solution of citric acid containing 
1 per cent, of uranium oxide, and it can scarcely be doubted that 
the dicarboxylic acid was an intermediate product. The author 
does not, however, wish to emphasise unduly this theory of the 
source of the acetone residues, and it is interesting to note that 
Lippmaim (Ber,, 1893, 26, 3057) found that acetonediearboxylic 
acid was obtained during the spontaneous decomposition of calcium 
irisaocharate. Further, a reactive acetone derivative may be found 
in diacetylacetone or other ' polyketen,’ the formation of which in 
plants has been discussed by Collie (T., 1893, 63, 329; 1907, 91, 
1806), and in that case the acetyl groups would be removed by 
hydrolysis subsequent to the condensations. However, the occur¬ 
rence of the carboxyl group in eegonine suggests that in the, 
synthesis of cocaine it is a carboxylated acetone derivative which 
is the forerunner of the alkaloid. Except in the cases of hygrine 
and tropinone, the carboxyl groups have been omitted from the 
acetone rests for the sake of simplicity in representation,. As a 
starting point for both quinoline and isoquinoline bases, it has been 
found convenient to assume the intervention of acefcylglycoll- 
1 aldehyde (II), or A ft -biit;eiie~a$-diol-y-one, a substance which has not 
yet been isolated. It may readily bo derived from a pentose or 
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methylpentose by loss of water and oxidation, as shown below, and 
it is perhaps significant that a methylpentose, quinovose, occurs in 
a state of combination as quinovin in cinchona-bark. 


OH-CBr 2 -CH(OH)-CH(OH)-CH(OH)-CHO 

CH g * OH(OH) • OH(OH)* CH(OH) • CH (OH) •€ II0 

Oxidation 

CH 3 -C0‘CH(0H)*CH(0H)-CH0 


OH S -CO-OH(OH)-OHO ^ CH a -a0-0(0H):CH-0H 

(II.) 


The Pyrrolidine Group. 

It has recently been demonstrated by Hess (Per., 1913, 46, 
4104*) that the methylation of an amine with the aid of form¬ 
aldehyde is accompanied by oxidation, amino-alcohols yielding 
methylaminoketones. The methylating and oxidising action of 
formaldehyde on ornithine might therefore yield a carbinol-amin© 
of the pyrrolidine series in accordance with the equation 

NH 2 *CH 2 *CH 2 *CH 2 -CII(NH 2 )*C0 2 H 4- ch 2 o - 

NHMe-CH 2 -CH 2 -CHO —> +NH 3 + 00 2 . 

Naturally, the possibility is not excluded that the oxidation of 
the amino-acid f is preceded by the formation of a hydroxy-acid, 
and ammonia and alcohols margin all cases be intermediate between 
amines and the aldehydes obtained by oxidation. 

Further oxidation accompanying methylation might attack both 

* In which a complete list of references to earlier work by Eschweiler and 
others will be found, 

t Dakin (J. Biol. Ghem, , 1906, 1, 171) has applied Fenton’s method 
of oxidation by means of hydrogen peroxide and a trace of ferrous sulphate 
•to the ammonium salts of the amino-acids, and has obtained aldehydes, 
ammonia, and carbon dioxide. Hartley and Wootton (T., 1911, 99, 288) 
find that alloxan effects the same change which had already been observed 
in the particular instances of the conversion of alanine into acetaldehyde 
and of leucine into isovalcraldehyde by Strecker (AnnaUn, 1862, 123, 
363). 

Quito recently Schweitzer ( Biochem. Zoitsch. ,1916,78, 3*7) has shown that the 
tyrosinase from potatoes can oxidise glycine with the formation of form¬ 
aldehyde, carbon, dioxide, and ammonia. The i ©action takes place in the 
presence of an alkali, preferably calcium hydroxide, and appears to be 
accelerated by chlorophyll, 1 
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ends of the molecule, with the production of succiiulialdchyde * 
and methylamine, as shown below : 

NH 2 -CH 2 -CH 2 -CH 2 -CH(NH s )-C0 2 H + 2CH.,0 = 

cho-ch 2 -ch 2 -cho[ -> in’.cH(0H)> NMe ] + 2NH * Me + co *- 

After condensation with acetonedicarboxylic acid and elimina¬ 
tion of carbon dioxide, hygrine (III), cnscbygrille (IV), and 
tropin one (V) are obtained. The synthesis of the latter base (this 
voL, p. 762) by means of the reaction here assumed to occur in 
nature was accomplished in dilute aqueous solution at the ordinary 
temperature. Willstiitter (Ber. y 1900, 33, 1161) has already given 
reasons for supposing that the synthesis of atropine and its con¬ 
geners and of cocaine is preceded by that of tropinone, and it is 
now possible to add that the carboxyl of cocaine f is the result of 
partial decomposition of tropinonedicarboxylie acid, possibly 
occasioned by the formation of the methyl ester or of an acid salt. 
In the latter case, the process resembles that which Bandrowski 
employed for the preparation of propiolic acid from acetylenedi- 
carboxylic acid (Ber.> 1880, 13, 2340). The question of the 
synthesis of benzoic and tropic acids is not examined here, since 
there is no evidence from accompanying hydroaromatic compounds 
as to how these may be derived from the carbohydrates. 


♦ Suecindialdehyde would be more readily obtained from a cliaminoadipic 
acid which does not, however, appear to have been isolated. 

f The simplest substance produced on the cocaine model is probably 
arecoline, a comparison of the formula of which with that of cocaine shows 
that the only divergences, which it is necessary to postulate in the synthesis 
of the former from that of the latter, are yhe employment of two molecules 
of formaldehyde instead of one of succindialdehydo and loss of water instead 
of benzoylation. 




NMeT) 


Trigonelline. 


Arecoline also closely resembles a hypothetical intermediate in the 
synthesis of nicotine. If it is oxidised, as was assumed for that more 
complex tetrahydropyridine, then the betaine trigonelline would be 
obtained. 
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NMe 

/\ 

CH. CH-OH 
s 1 s, 

CH„—CH„ 


CO a H 

OH.,-CO-CH.-CO s H 


FMe 


co 2 h 

ch 2 ch-oh-co-ch 2 -go 2 h 

CH-CH. 

(VI.) 


NMe 

/\ 

CH, CH CH/COMe 

6h 2 -6h 2 

(IIT.j 


NMe 

/\ 

CH. CH-OH 
CH~CH, 


/ 

OH., 

1 

OH, 


NMe 


co 2 h co 2 h 

CH/CO-CH, 


NMe 


NMe 

/\ 

HQ-CH CH„ 


ch 2 --oh„ 


NMe 

/\ 


ch,--ch 


.CH-OH CH,-00,11 


CH,, CH-CH/CO-CH/CH CH, 


I + 2C0, + 2H,0 

CH-OH',, 2 2 


(TV.) 

CH—CH-C0 0 H 


/ 

OH. 

CO -> j 'NMe CO 
CH, • 


.CH-OH 

/' ' 

CH, 


HJH'OII 


Ecgonine 

j 

* 


CH. 

\ 


NMe CO 


CH,-CO,/H \cH—CH-CO..H \ch~-ch, 


i 


(V.) 

| Redaction 


/ 

c-h 2 


■0 H-CH-CO.K (Me) i i 

| | 2 V Tropinc f-Trop: 


Benzoyl ecgonine R ^ lllllitio ' 1 | N Me CO 


Cocaine 


CH 2 

\/< 


^ T 

Hyoseyamine, Tropa- 
atropine, etc. cocaine. 


CH-OH, 


The condensation product (VI), which forms the source of 
hygrine, may also be the progenitor of nicotine (VIII), and the 
reactions necessary involve condensation with formaldehyde and 
ammonia to a piperidone (VII) containing the nicotine skeleton, 
after which there are alternative ways of expressing the remaining 
stages. 
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00 a H-CH 2 OH- 


00 C0,H NMe 

“ /\ 

ClI CH, 


I 
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0H o 0 0H 0 O OH-0 FT 2 


NH q 


(VI.) 


00 


NMe 


CH 2 OH—OH CH 2 

OIL 6 H 0 OIL-OIL 

\/ 

NH 

(VII.) 


OH 4 OH 


Reduction 


OIL OH- 

I " ! 


~ HijO 


NM.) 

rVCH OH 

w 6 h 2 -oh, 
N 

(VIII.) 




Oxida* 

tion 


OH 

/% 

OH, C— 

! " i 


The Piperidine Group. 


Starting from lysine * (IX) and proceeding as illustrated above 
hi the case of the lower homologue ornithine, the formation of the 
bases X and XI would be anticipated. The latter is the alkaloid 
^-pelletierine, isolated by Ciamician and Silber and by Piccinini 
from the root-bark of the pomegranate tree, and since tropinone has 
not yet been obtained from natural sources, the occurrence of* its 
ring homologue is particularly valuable evidence. The base X 
has been synthesised by Hess, Merck, and Uibrig (tier., 1915, 48, 
1886), and later identified by Hess and Eicliel (Her., 1917, 50, 
380) with a methylpelletierine occurring in small relative amount 
in the alkaloids, of the pomegranate tree. 


NHy0H^0Hy0H 2 *CH,-CH(NH 2 )*00 0 H 
(IX.) w 


CH 2 —OH-CH 2 

CH„ if Me (JO 

I * I I 

CEL—UH—CH, 
■ (XI.) 


OH, 
CEL^' 


c.h 2 


6h, CH-CH»-OOMe 


\V 

NMe 


(X.) 


„ * Clearly the source through eadaverine of the piperidine rest which 
appears in pipeline. • 



PHYTOCHEMICAL SYNTHESIS OE CERTAIN ALKALOIDS, 883 


The frequent concurrence of closely related alkaloids, such as 
I lie pelletierines‘ :{ * or coniine and its associates, is probably to be 
explained by variations of some primary product due to alternate 
hydration and dehydration or by oxidation and reduction. In 
this connexion, a highly significant discovery has been reported by 
Hess, Eicliel, and Uibrig (Ber., 1917, 50, 351), who find that the 
reaction between amino-alcohols and form aldehyde is reversible. 
The m ethyl am in oketone (X), for example, is decomposed in 
alcoholic solution by seraicarbazide acetate, with the formation of 
the clemethylated amino-alcohol (XII) and fonnaldehydesemi- 


OH, 

/V 

(X.) A? 11 * <? H * 


' CHj CH-OH,OH(OH)-CH 3 

(XIX.) 


\/ 

Nil 


ch 2 

oh, x ch, 

CH, CH ■ CH,*CH„* GH„ 
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NH 


(XTIT.) 


Oil, 

/\ 

CH, CH„ 

OH, CH-OH.-OH.-CH. 


\/ 
NMo 


CH, 

/\: 

3H a CH, 

3h 2 oh>ch:ch>ch, 

\/ 

NH 


ci r, 
/\ 


(XIV.) 


- OH, CH, 

CH, OH'CH(OH)-CH,-CH 3 


\/ 

NIT 


(XV.) 


OH, 

COCH, 

ch 3 c:ch-ch 2 -ch 3 

X NH 


CH, 

/V 

CH, OH 

CH, C-CH 2 *0H,-0H 3 

^NH 

(XVI.) 


* The imino-ketono pelletiorine, containing one reactive methylene-group 
(Hess and Eiehel, loo, cit.), has not yet been completely investigated, but, on 
the evidence so far recorded, and from analogy it should be the ketone 
corresponding with conhydrine or, more probably, the 3-piperidone obtained 
by addition of water to coniceine followed by oxidation. In either case it 
will fit into the lysine-acetone scheme. 

M M* 2 
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carbazone. This suggests not only that oxidation accompanies 
Annethylation and (hmethylation, bub also that reduction is 
associated with iY-dc mi ethylation. Coniine (XI.II), ,i\ r -methyl- 
coniine (XIV), conhydrine (XV), and emvieeine (XVI) represent 
on this view modifications of the ammo-alcohol (XT!), and therefore 
of the normal product (X), from lysine, formaldehyde, and a 
reactive acetone derivative. 

In the above, and also in some of the sections which follow, the 
reduction of alkylamines has been assumed, and it may be pointed 
out that there is evidence that these substances a,re reducible, the 
reaction probably depending on the intermediate formation of an 
unsaturated or cyclic ammonium, hydroxide. 


The Quinudidine (Irani). 

Condensations between formaldehyde, ammonia, and a reactive 
acetone derivative, such as acetonedicarboxylic acid, can explain 
in an astonishingly simple manner the formation of alkaloids con¬ 
taining the curious quinudidine ring system. Ammonia, three 
molecules of formaldehyde, and the acetone derivative lead to the 
formation of the piperidone (XVII), two molecules of which enter 
another molecule of acetone derivative, producing XVIII. This, 
owing to the stability of the ring system produced, undergoes 
internal aldol condensation, and complete reduction then results in 
sparteine (XIX). 
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00 


/\ 

/\ 


OHj CByCO.jH 

?H 2 Off, 


C1L0 CH..0 

OH, Off,, ' 
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\ v 



(XVIII.) 
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OH, CH^CH-CHj-CH OH, OH, 


OH, OH, CH, 


OH, CH, OH, 


(XIX,) 


CH, CH, x CH*CO’CH CH^CH* 


OH 2 CH s ch 2 CH 2 CH 2 CH a 


Sparteine thus appears as the reduction product of a substance 
obtained by condensation along normal lines of three, molecules of 
an acetone derivative with six of formaldehyde and two of 
ammonia. In the presence of an excess of the acetone derivative, 
or with such a substance containing only one highly reactive 
methylene group, for example, acetoaeetic acid, the reaction with 
formaldehyde and ammonia might take a different course, resulting 
in the formation of the diketone (XX), and this is believed to be 

(XX.) 

yCO 

./ I 

CH S CH, CHj-CO-OH. 

I I 

CH(OH)-CHO CH, OH, 

> 1 / 
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the origin of cinchonine and quinine. The quinoline derivative 
(XXI) enters tlie molecule in tlie manner assumed throughout, that 
is, hy a carbinol-amine condensation, and the remainder of the 
reactions are of the type already formulated in the case of sparteine. 
An alternative for the later stages is presented in the scheme 
which is given below. It is possible that reduction of the diketone 
(XXII) produces, first, an internal pinacone (compare Kipping 
and Perkin, T., 1891, 59, 214), which, after further reduction, 
undergoes a transformation of the ring system accompanied by 
elimination of water. 

With regard to the genesis of the quinoline derivatives required 
for cinchonine and quinine, it is natural to seek an explanation 
from the constitution of quinic acid (XXIII), which accompanies 
these alkaloids in the plant and is readily converted into quinol 
derivatives. The coincidence that quinine is also, in a sense, a 
derivative of ;/-aminophenol strengthens the conviction that quinic 
acid is the source of the quinoline half of the molecule. In any 
case, it would seem necessary that the acid should become oxidised 
to the ketone (XXIV), so as to provide the six-carbon system and 
admit the entry of the nitrogen atom. Further, a reactive 
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methylene group is so produced, enabling the occurrence of the 
condensation which closes the quinoline ring. This process is 
formulated below, and the heterocyclic nucleus is obtained by a 
reaction similar to that by means of which quinaldine may be 
synthesised from o-aminobeiizaldehyde and acetone. 

In the majority of the complex examples discussed, it is obvious 
that the order in which the reactions may be supposed to occur 
can be considerably varied without fundamentally altering the 
character of the suggested processes, and in the case of quinine 
there are several plausible variations of this kind, the most 
important of which is perhaps that the quinoline ring may be 
closed immediately after the appearance of an acetyl group in a 
modified carbohydrate, such as quinovose, and the product must 
then suffer further degradation by oxidation of the side-chain. 

The iso Quinoline Group. 

In the discussion of this large and important group, it will clear 
the ground to construct, in the first place, a table which it is con¬ 
sidered represents the genetic relationships of the more important 
members. 
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Carbohydrate degradation products + ammonia 

i 

Hydroaromatic base (HB) —> Hydroaromatic aldehyde (HA) 

1 I 

Aromatic base (AB) —> Aromatic aldehyde (AA) 


(HB -f HA - H 2 0) 



Morphine Bulboeapnine /soThebaine 

Codeine Corytuberine, etc. 

'fThebaine 

(HB + AA~H 2 0) 

Glaucine, dicentrine 


Novcoiydaline 

*1 

I 

Corydaline 


(HB + CH s O) —> Pyrogallol derivative + AA - H 2 0 

i 

Nareotine, narceine. 

[?(AB 4* HA) —>- Hydrastine, norcanadirie, etc., corydaline.] 

A. The Hydroaromatic base (XXV) and Aldehyde (XXVI).— 
The chi© to the nature of the hydroaromatic substances from which 
tli© isoquiholine bases are derived is given by the constitution of 
morphine, and it is regrettable that general agreement on this 
subject has not yet been reached. However, it is only the 
“ Pschorr formula ” which it has been found possible to dissect 
in such a maimer as to show a relation with the other opium 
alkaloids, ■ and this formula has been adopted especially since the 
formulae which it is suggested should replace it cannot without 
hesitation be accepted as superior expressions of the properties of 
the substance. By working back from morphine, a scheme for 
the synthesis of the ^oquinoline alkaloids by means of aldol con¬ 
densations has been, deduced, and the preliminary stages, starting 


(AB + AA - B,,G) 

i 

t. 

Norlaudanosine ~~~> Laudanine, laudanosine, 
| papaverine, x an th aline, 

f hydrastine 

.Noreanadine 


Oanadine, berberine, protopine, cryptopine. 
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from ammonia, form aid ehyde, •* a reactive acetone derivative, and 
acetyl glycol 1 aldehyde, are represented below. 

CHjj - OO * CH(OH) * CHO + C0 2 H*C(K , H 2 ‘00-COJL 
C H 8 • C 0 • C H (O H) • C FE (0 H) • 0 H 2 * 0 0 • C H 3 + CH,0 + NH a 


CO 

/\ 

HO*CH CH 3 

HO 8 OH CO • CHy CH„*N ft. 

\/ 

CH, 

Aided 


condensation 


CO 
/\ 

HOCH CH, 

HO-CH C(OH)• Oil,• CHO 

ch 2 

(XXVI.) (HA) 

-u.jO 

y 

OH 

HOj/Y 

l^yCHj-CHO 

(XXVIII.) (AA) 


CO 

HO-CH^CHj 

HO-CH C(OH)-CH„-CH,-NH, 

\/ ‘ ' 
oh 2 

(XXV) (HB) 

I 

1 - HyO 
Y 

CO 

/\ 

Oxidation HO‘OH OH 

<— CH C-CH,-CH„-NH,, 

\/ 

CH 

I 

4 

OH 


HOj 


< 


x/ cu v cii,-nh 2 

(XXVII.) (AB) 


# In all cases where formaldehyde is supposed to enter Into a carbmol- 
amine condensation it is clearly equivalent to assume the intervention of 
glyoxylio acid or even of an aldehyde, R*CHO, in which the group R is 
readily oxidisable to carboxyl after the condensation. 

(a) *C0-CHg + CH 2 0 + NH 3 *CO*OH 2 -CH 2 -NH,. 

t 

(b) -CO-CH 8 + CHO-C0 2 H+NH 8 •C0-CH 2 -CH(NH 2 )-C0 2 H. 

f 

(c) -00-CH 8 + CH0-0H 2 *0H (e.g.) +M, -> 

-CO-OH 2 -OH(NH 2 )-CH 2 -OH 

amino-acids formed in such reactions must be a-amino-aeids, and the 
elimination of carbon dioxide will therefore always be explicable. The 
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B. Formation • of the. Aromatic, Compounds. — Simple dehydra¬ 
tion of XXY and XXVI leads to 3:4-dihydroxyphenylethyl- 
aniin© (XXVII) and 3:4-dihydroxyplienylacetaldehyde (XXVIII), 
and attention is directed to the peculiarity of the constitution of 
the hydroaromatic substances, which renders it extremely - improb¬ 
able that an orientation in the benzene derivatives other than that 
observed could result from the process. Oxidation of XXV 
would, however, produce a pyrogallol derivative, and this oxida¬ 
tion might be the result of methylenation of the two adjacent 
hydroxyl groups preventing the removal of oxygen from the ring. 
The dihydrobenzene so obtained would then be oxidised to 
XXIX. 

CO 

/\ 

nxx ^<>CE CH 
CH 0 <^ i si 

-N>CH 0‘CH.,-OH.;XH• Clip0E 


OH 


(xxv.) 


- H. O 


0H„ 


CH 2 < g | iQu .OHo'NHMo 
\/ - 
(XXIX.) 


C. Elaboration of the Morphine Suing romp .—-The hydro- 
aromatic aldehyde (XXVI) condenses with the hydroaromatic 
base (XXV), producing XXX, XXXI, and XXXII by a 
carbinohamine condensation, an internal aldol condensation, and 
by elimination of water. At this stage, in order to obtain mor¬ 
phine it is necessary to assume the only reduction which is encoun¬ 
tered in the whole group. The hydroxyl group marked (a) is in a 
position with respect to the nitrogen atom which renders plausible 

syntheses of histidine, tryptophane, and tyrosine probably involve reactions 
of this type. In the case of histidine the complete representation would be 
the following: 


H [C0 2 ]C HO 


NH 3 CEO 
nh 3 cocii 3 


nii 3 

ohoco 2 h 

N—flH +[00 2 ] 

^•NH-C-CH 2 -CH(NH 2 )-C0 2 H +4H 2 0 


In general, the group ®CO*OH 3 becomes *C0*CH 2 *CH(NH 2 )*C0 2 H, and the 
carbonyl group can then take part in aldol condensations loading to cyclic 
structures, whilst the carboxyl group may bo eliminated or the amino-acid be 
oxidised to an aldehyde. The adoption of such a view in the case of the 
forerunner of the fcoquinoline alkaloids is favoured by the author, but the 
simpler suggestion is retained in the text in order to avoid undue complexity 
of the formulas* 
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CHO 
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HO-Oil C-OH 6hI 


OH g CH 0 
(XXV 4 


H°/\ 

H0 \/\ 

I Tch, 

I I 

C-OH OH 

/ \ / \ 

HO-CH OH NH 

HO-CH C>OH(«) CH, 

\ / \ / ‘ 
CHj OH* 

(XXXII.) 


HOf^\ 

H 0 U\ 

N (JH, 

I - 

•OH CH 

HO-CH X ' Ch\m6 
OH OH, 
\/ 


HO-CH 

\/ 


Carliinol-amine 

condensation 




- 2 H ..0 




CH„ CH, 
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HO-CH Oil, 
CO 6-OH 
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HO-CH C-OHCH, 
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OH 0 NMe 
HO-CH CH OH, 


CH 2 OH, 
(XXXII I.) “ 
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the assumption of the formation of a, cyclic ammonium hydroxide 
and after the reduction morphine- (XXXIII) is obtained by 
iY-m ethylation and elimination of two molecules of water. 
0-Methyl ation, in addition, provides codeine, and tliebaine is the 
result of still further methylation, accompanied by loss of two 
atoms of hydrogen, 

I). The Aromatic Phenanthrcne, Sub-group. —The compound 
XXXII, by symmetrical elimination of three molecules of 
water, yields the- phenol derivative (XXXIV), which by V-raethyla¬ 
tion and methylation of two phenolic hydroxyl groups be¬ 
comes 'os'othehaine- (XXXV), which Klee {Arch, Pharm,, 1914, 
252, 211) Ii as shown accompanies tliebaine in Pa paver orientale . 


:n°A 

Mp.oAA 

"AA CH , 

u Aa 0H , 

Oil 

OH 

iio/A /\ NH 

Meo/\/ 7 NMe 

1 1 X ry 

\/ \ / LU 2 

\/\/K 

ch 2 

ch 2 

(XXXIV.) 

(XXXV.) 


If the- hydroaromatic ring of XXXII becomes oxidised, as may 
well happen simultaneously with the iY-methylation of formalde¬ 
hyde, one of the *011(011)• groups becoming *CO, then elimina¬ 
tion of water leads to XXXVI, which by methylation and 
methylenation provides numerous alkaloids of the corydalis-phen- 
anthrene type, such as bulboeapnme (XXXVII) (Gad amer and 
Kuntze- Arch, Pharm 1911, 249, 598). 


OMe 


o 

"\ 

-/ 

MeO.AA 

MeOjAA 

HO' A 

'* 0 h 2 

HO' 1 

Vw 

AAA C h 2 

OH 

OH 

j OH 

hoAA Ax^h 
ho \/\/^ h 2 

,<0 \A/Al, 

MeO.AA/ANMe 

Me0 \/\/CH 2 

oh 2 

oh 2 

oh 2 


(XXXVI.) (XXXVII.) (XXXVIII.) ^ 

In glaucine (XXXVIII) and dicentrine (Asaliina, Arch . Pharm. } 
1909, 247, 201; Gadamer, ibid:, 1911, 249, 680) the orientation 
of the catechol ether groups suggests that these bases are the result 
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of condensation of the aromatic aldehyde (XXVIII) with the 
hydro-aromatic base (XXV), and the condensation which doses the 
phenanthrene ring may then ]>roduce a 4 :5-substituted catechol 
derivative. Apart from this, the reactions necessary will entirely 
resemble those required for bulbocaptiine. 

E. Norland anosine and the Products obtained from it by the 
Action of Formaldehyde .—-Norlaudanosine (XXXIX.) is the result 
of condensation of XXVII and XXVIII, as illustrated below (com¬ 
pare Winters fee in and Trier, lue. elf., p. 307) : 


OH 

}".[(),./ x,. 

| i (XXVIII.) 

\/ 

6 Hg 

OHO 

ho/A nh. 

H0 \/\/ 0H * 

ch 2 

(XXVII.) 


OH 

ho/N 


ch 2 

CH 

ho/A/A^h 

H(>1 J X /cH, 

oh 2 

(XXXIX.) 


Norlaudanosine is subject to attack by formaldehyde at six 
points, and the nature of the substances produced largely depends 
on the amount of oxidation which accompanies the methylations. 

(a) Landau osine, 

OioHj AN + 5CH 2 0 - 0 21 H 27 0 4 N -1- 50. 

Complete methylation of phenolic hydroxyls and of the imino- 
gvoup unaccompanied by internal oxidation. 

(b) Papaverine, 

CyfI 37 0 4 M + 40H 2 0-a (> H 2l G 4 N (• 20 + 211,0. 

Methylation of phenolic hydroxyl and oxidation of the tetra- 
hydroisoquinoline ring. 

(c) Xonthaline (pajnveraIdine ), 

C 10 H 17 O 4 X + 4CH 2 0 « C 20 H 19 O 5 X + 3HoO. 

(d) Hydrastine, 

C 30 H 37 O 4 N + BCBtjO = C 2l H 21 0 6 N + 3H 2 0. 

The essential reaction here is a <c Lederer-Manasse ” synthesis, 
Introducing the group *CH 2 *0H into the benzene ring. The product 
then becomes simultaneously methylated and oxidised, as indicated 
below: 
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(e) The Berberine Sub-group , 

The establishment of a bridge between the nitrogen and the 
benzene ring produces norcanadine (XL), and the reaction is, of 
course, that which Pictet and Gams {Com.pt. rend., 1911, 153, 386; 
Ber.y 1911, 44, 2480) devised for the synthesis of tetrahydrober- 
berine: 
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From norcanadine the following are obtained by the action of 
formaldehyde: 

(a) Canadine^ 

C 17 II n 0 4 N + 30H 2 0 - C 30 H 21 O 4 N F 20 + H 2 0. 

■ Methylation of two phenolic hydroxyls and inethylenaiioix of 
two more. 
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(j0) Berber in e, 

0 17 H 17 0 4 N + 3CH 2 0 = C 20 H 19 O f) N + 2H 2 (X 
The sun© processes as with canadine, using th© oxygen for the 
conversion of the tetrahy droisoquinoline derivative into a true 
alkylisoqainoliniu m hydroxide. 

( 7 ) Protopine , 

C i; H 17 0 4 N + 3CEUO - C 20 H 19 O,N + 2H 2 0. 

Complete metliylenation of norcanarlin© yields XLX, and the 
action of formaldehyde on this substance may produce protopine 
(XLII) (Perkin, T., 1916, 109, 875). 


gh 2 <I 
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0 >CH 2 
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°\/\/ CH : 
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CH„ 


OH, 

(XLI.) (XLIL) 

This is a reaction of a more hypothetical character than any other 
introduced in this communication, but since a ring-scission in this 
direction of tetrahydroberberine methohydroxide has been estab¬ 
lished by Pyman (T., 1913, 103, 828) and since these results have 
been paralleled in the iso tetrahydroberberine series in connexion 
with derivatives of cryptopine (Perkin, Joe. cit p, 841) there 
appears to be little improbability in the assumption, and the 
details of the process may follow the partial scheme: 
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(8) -Cryptopine, (Perkin, Joe. cit-., p. 831), 

C 17 H ]7 0 4 N + 4CH 2 0 = C 2I H, 7 0 5 N + 20 + H 2 0. 

This would result from norcanadiue- by methylation and methyl- 
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©nation to form an. vAotetrahy droberberin e, wliicli might yield the 
base by the further action of formaldehyde as with protopine. 

F. Narcotine and Narceine .—3 :4-I)ihydroxyphenylacetaldeliyde 
(XXYIII) and the base XXIX are supposed to condense with 
formation of the* methylene ether of hy d r oxy-iV-ra e thy In orl an dan o- 
sin© (XLIII), which is converted into narcotine (XLIV) in pre¬ 
cisely the manner employed above in the case of hydrastine. The 
ring-scission of narcotine with the formation of narceine is similar 
to the production of protopine and cryptopine, except that the 
further methylation of the nitrogen is not accompanied by internal 
oxidation; 
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G. Corydaline ,—Notwithstanding the observation of Gadamer 
(Arch. Phartn 1915, 253, 274) that corydaline loses its optical ac¬ 
tivity when it is oxidised to didehydrocorydaline, and that therefore 
the two asymmetric carbon atoms should be contiguous, an alteration 
in the accepted formula of the alkaloid cannot be considered. Especi¬ 
ally is the position of the methyl group clearly proved by the argu¬ 
ments of Dobbie and Lauder (T., 1902, 81, 154) relating to the 
methylpyridinetricarhoxylic acid obtained by them from corydic acid, 
although a slight modification of the constitution of the latter sub¬ 
stance would now be mad© so as to represent it as a true pyridine 
derivative and as a betaine (compare Perkin, loc. cii* 3 p. 836). 
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Corydaline accordingly appears as a methylated liorlaurtanostine 
witli an ethylidene bridge 'between the nitrogen, atom and 
the aromatic nucleus, a structure produced by the interven¬ 
tion of acetaldehyde instead of formaldehyde. Attention may be 
again directed to the possibility that what may he termed the 
hemipinic orientation may result from aldol condensation with, the 
hydroaromatici progenitors of these alkaloids, whilst the metahemi- 
pinic orientation is to he expected if the condensations are subse¬ 
quent to the conversion of the hydro aromatic compounds into 
catechol derivatives by loss of water. 


H. The Conditions affecting the Production of the iso Quinoline 
Bases. —The problem may be put in the form of a question : Why do 
not alkaloids assumed as above to have a common origin always occur 
together in the plant ? Why, for example, does not morphine occur 
in Hydrastis canadensis i It is reasonable to expect some answer 
to this, but not, in the circumstances, a complete one. In the parti¬ 
cular case mentioned the scheme shows that the molecule must 
suffer reduction before morphine can be obtained. That there are 
reducing conditions is clear also from the formation of laudanosine. 
On the other hand, the formation of hydrastine and of berberine 
follows such a course that all the oxygen available from the methyla- 
tions is used internally, and powerful reducing agents would there¬ 
fore appear to be absent during the formation of these bases. This 
would be sufficient to account for the non-production of morphine. 
Among other circumstances that may affect the nature of the end- 
products are the stereochemical relations of the hydroaromatic sub¬ 
stances, the rapidity with which these lose water with the forma¬ 
tion of aromatic compounds, the stage at which iY-ra ethylation 
occurs, the concentration of formaldehyde and other reagents, the 
presence or absence of enzymes and other catalysts, all of which 
are without doubt connected with the needs of the plant itself. If 
these varying conditions are taken into account the objection that 
the simplicity of the schemes proves too much cannot well be sus¬ 
tained. 

Some of the more remarkable coincidences encountered in the 
development of the foregoing suggestions may now be noted in 
summary and conclusion. In the pyrrolidine group liygrine, 
cuschygrine and tropinone are related by their method of forma¬ 
tion, and by introducing a piperidone ring into hygrine by means 
of a reaction entirely similar to that required for sparteine it is 
seen that an explanation is provided of the /^position of the pyrrol¬ 
idine complex in the pyridine nucleus of nicotine. In the piper¬ 
idine group the methods are homologous with those of the pyrrol¬ 
idine group and the nature of the reduced pyridine derivatives 
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which iiave^ been obtained from plants is quite in harmony with 
the origin from lysine. In particular, the a-propyl chain of coniine 
is explicable on the assumption that it represents a reduced acetone- 
residue. In the quinuclidine group the bridged rings of sparteine 
and quinine are produced by similar methods, the application of 
jvliich fixes the position of the connecting methylene group of 
sparteine and the vinyl group of quinine. Substances accompany¬ 
ing quinine and cinchonine in cinchona-bark have been found to 
be suitable starting points for a synthesis of the quinoline-half of 
the molecules of these alkaloids. In the isoquinoline group it is 
noteworthy that one and the same hypothetical hydroaromatic 
substance derived in part from a carbohydrate degradation product 
also required for quinine, suffices for the production of the whole 
of the ’bases of the group the constitutions of which have been 
elucidated. It is hoped that it will prove possible to employ this 
theory as a working hypothesis in several directions. 

The University, 

Liverpool. [ Received , July 2 3rd, 1917 .] 


LXXVL —Reduction of Aliphatic Nitrites to Amines . 

By Panchanan Neogi and Tarini Charan Chowdhuri: 

Neogi and Chowdhuri have shown (T., 1916, 109, 701) that 
aliphatic nitrites are partly converted into the corresponding 
intro-compounds by the action of heat. The conversion com¬ 
mences at about 100°, and the best results are obtained at 
125—130°. If, however, the temperature is further raised, 
secondary reactions take place, and, in addition to intro-com¬ 
pounds, aldehydes and acids are formed. 

By the reduction of aliphatic nitrites in solution, alcohol and 
hydroxylamine or ammonia are obtained, but as the nitrites are 
partly converted into nitro-compounds on heating, it follows that 
on reducing them at a higher temperature, amines should be pro¬ 
duced in addition to ammonia. Gaudion has shown {Ann. Ohim . 
Fhys., 1912, [viii], 25, 120) that amines are obtained by the 
reduction of aliphatic nitrites with heated, finely divided nickel 
or copper. The temperature employed by him, however, was very 
high, namely, above 220° in the case of nickel and above 300° 
in the case of copper, temperatures at which the nitrites decom¬ 
pose, giving secondary products. He therefore obtained a, mix^ 
ture of mono-, di-, and tri-alkyl amines in the reaction. We have, 
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however, made experiments at as low a temperature as 100—130°, 
and have been able to show that the corresponding raonoalkyl- 
amine alone is obtained, thus conclusively proving ^ that the 
resultant amine is the direct product of reduction of the nitro¬ 
compound, best formed at 125—130°, as previously shown by us. 

That nitro-compounds are reduced to amines when a mixture 
of hydrogen and the nitro-compounds is passed over heated nickel 
has already been shown by Sabatier and Senderens ( Gompt. rend., 
1902, 135, 226). 


E X PERI MENTAL. 

A slow stream of pure hydrogen was passed through a flask 
containing the aliphatic nitrite, and the mixture of hydrogen and 
nitrite vapour then passed into a combustion tube, about 90 cm, 
in length, filled with reduced nickel and heated in an asbestos box 
provided with a thermometer. The air was first expelled by the 
current of hydrogen, and then the mixture of the two gases 
allowed to pass into the tube. To the other end of the tube was 
attached a dry test-tube, immersed in cold water and connected 
in its turn with two Erlenmeyer flasks containing dilute hydro¬ 
chloric acid. Liquid products of reduction, such as alcohols and 
part of the liquid amines, collect in the test-tube, whilst the 
vapour of the escaping amines, especially in the case of the lower 
members, and ammonia, are arrested in the hydrochloric acid 
flasks. 

The liquid in the test-tube, which gave the pungent, Ashy 
odour of the amines, was neutralised with hydrochloric acid and 
the alcohol distilled off. The alcohol was recognised by its odour 
and identified by determining the boiling point of its acetate. 

The hydrochloride of the amine and ammonia in the Erlen¬ 
meyer flasks and in the test-tub© after distilling off the alcohol 
was evaporated to dryness. The amine hydrochloride was 
separated from ammonium chloride by repeated exhaustion with 
small quantities of absolute alcohol and ether. Besides recog¬ 
nising the amines by Hofmann’s earbylamine reaction and other 
characteristic tests, they were identified quantitatively by pre¬ 
paring their platinichlorides. Analysis of these showed that 
monoalkyl-, and not di- or tri-alkyl-amines were formed. 

One point is important in the preparation of the amine platini- 
ehlorides in the presence of ammonia. It is known that even on 
repeated exhaustion of ^ mixture of amine hydrochloride and 
ammonium chloride with alcohol and ether, the amine hydro¬ 
chloride is not obtained free from ammonium chloride. On the 
addition of platinic chloride) . however, to a moderately dilute 
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solution of the salts, the precipitate which is first produced con¬ 
tains all the remaining ammonium chloride, together with a little 
amine hydrochloride. If now platinic chloride is added to the 
filtrate and the solution concentrated, if necessary, shining, 
yellow crystals are formed consisting solely of the amine platini- 
chloride. 

The use of reduced nickel in the powder form, as employed by 
Sabatier and Senderens, was not satisfactory. The powder forms 
a layer inside the glass tube, and evidently does not present a 
sufficiently large surface of contact for the action of the gases. 
We therefore prepared nickelised asbestos by first soaking asbestos 
fibre in a concentrated solution of nickel nitrate, then drying, and 
5 heating it in the blow-pipe in a large nickel basin in order to 
f convert the nitrate into the oxide. The glass tube was then filled 
; with the asbestos impregnated with nickel -oxide, placed in an 
inclined position, and heated at about 300° in a current of 
hydrogen, when the oxide was reduced to metallic nickel. The 
nickelised asbestos, with which a tube can be fully packed, is 
strongly recommended whenever reduced nickel is necessary for 
work with gases, as it presents a very large surface for the react¬ 
ing gases with the use of a comparatively small quantity of nickel. 
When once prepared, the nickelised asbestos may be used over and 
over again. 

The experiments here described were also repeated with 
reduced iron, but the results were much less satisfactory. 


iso Amylamine from imAmyl Nitrite . 

j The products from six experiments, in each of which 4 c.c. of 
b the nitrite were used, were united. The temperature employed 
; was 125—130°: 

Amine hydrochloride = 1*6 grams 
Ammonium chloride = 3*4 „ 

f Analysis of the platinichloride of the amine gave Pt = 33*61, 
/ whereas isoamylamine platinichloride requires Ft=33*39 per cent. 

The acetate of the alcohol was prepared, and identified as iso- 
f amyl acetate by its boiling point (137—138°). 

f'A", .. ' , 

If* 1 ■ 

j imButylamine from iso Butyl Nitrite . 

f Seven experiments were performed at 125—130°, using 4 to 
f 5 c.c. of nitrite in each case: 

; Amine hydrochloride = 1*9 grams, 

, W: Ammonium chloride =’3'2' „ 

, : ' N N 2 '/ A 
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Analysis of the platinichloride gave Pt = 35*23; calc., Pi = 35'07 
per cent, 

esoButyl acetate was prepared from the alcohol, and identified 
by its boiling point (116—117°). 

N -Propylamine from n-Propyl Nitrite. 

Six experiments were made at 130°, using the same quantities 
as in the previous experiments: 

Amine hydrochloride=1‘3 grams. 

Ammonium chloride = 2*9 „ 

Analysis of the platinichloride gave Pt= 37*10; calc., Pt = 36*93 
per cent. 

The acetate of the alcohol boiled at 102°, showing that the 
alcohol was w-propyl alcohol. 

Ethylamine from Ethyl Nitrite. 

As ethyl nitrite is gaseous at the ordinary temperature, it was 
dissolved in paraffin oil, and a 25 per cent, solution was used. 
As the nitrite is very volatile, even in solution, much escaped with¬ 
out reduction. 

As a result of six experiments, using 5 c.c.jofjbhe solution each 
time,' ethyl amine hydrochloride (0*62 gram) .and ammonium 
chloride (3*2 grams) were' obtained. Analysis «of the platini- 
chloride gave Pt=39*23; calc., Pt = 39*00 per cent. \ 

Ethyl alcohol was detected by the iodoform, morphin'^.. and 
other tests. 

Methylamine from Methyl Nitrite.. 

Methyl nitrite was prepared according to the directions given 
in our previous paper (he. tit.) and dissolved in paraffin oil, 
Much of the nitrite escaped reduction, owing to its volatility. 
About 0*10 gram of the amine hydrochloride was obtained as the 
result of six experiments. Owing to the low yield of the amine 
salt and to the presence of much ammonium chloride, analysis of 
the small quantity of the platinichloride did not give good results. 

Methyl alcohol was recognised by the formic acid, morphine, 
and other tests.. ; 

Chemical Laboratory, 1 

Government College, *. ■ , . 

Rajshahi, Bengal, Inoia. . [ Received , May Uh , 1917.] ' - 
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LXXV1I .—Experiments on the , Orientation of 
Substituted Catechol Ethers . 

By Thomas Gilbert Henry Jones and Robert Robinson. 

Apparent anomalies noted in the course of attempts to prepare 
2-nitrohomoveratrole rendered it necessary to examine the whole 
question of the entry of substituents into the catechol nucleus, and 
as the matters of interest encountered in the prosecution of the 
investigation * are of somewhat divergent character they are sepa¬ 
rately discussed in the ensuing sections. 


I. Substitution in ¥e rat role or Catechol Methylene Ether and 
their Derivatives . 


(a) In the preparation of anon ©substituted catechol ethers only 
the 4-derivative is obtained. For example, no trace of 3-nitrovera- 
trole is produced in the nitration of veratrole (Cardwell and Robin¬ 
son, T., 1915, 107, 257), and -only the para-compound is obtained 
on bromination (see p. 916), 

(h) Disubstituted catechol ethers are 4:5-derivatives. 

The constitution of 4 :5-dinitro veratrole may be definitely proved 
in several ways, of which the simplest depends on the production 
of the substance from metahemipinic acid by elimination of the 
carboxyl groups. The disubstituted catechol ethers are therefore 
connected with 4:5-dinitroveratrole by transformations and inter- 
conversions As shown below, A number of known substances of' 
hitherto undetermined constitution are included, and in all cases 
where two specimens are- stated tot be identical this was proved by 
direct comparison and by the determination of the melting point 
of a mixture. This technique is also implied in the statement that 
a product was identified with a known compound. 

There are two well authenticated exceptions to this rule, but the 
circumstances in both cases are somewhat unusual. Gaspari (Gas- 
zetta, 1896, 26, ii, 231) nitrated bromoveratrole and obtained a 
substance melting at 125° (I), now shown to be 4-bronio-5-nitr'o 
veratrole, But, on brominating nitroveratrole in chloroform solution 

* The investigations described in this and four of the five following 
communications were made in the laboratories of the University of Sydney 
during 1914—1915 and were interrupted before they were quite completed, 
but as there is no immediate prospect of the possibility of further work in 
these directions it seems undesirable to delay the publication of the results 
already ascertained, . :'/■/■ 
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at 100°,‘Cousin (Ann. (Jlvim. Phys 1898, [vii], 13, 504) produced 
■an isomeride melting at 111—112°. The latter reaction has been 
re-examined and the formation of the- isomeride confirmed, although 
in our experience the main product was a nitre phenol, identified 
as 6"hroino-4-nitroguaiacol (Meldola and Streatfeild, T., 1898, 73, 
681; Robertson, T., 1908. 93, 788), which yielded the bromonitro- 
veratrole (m. p. 112°) on methylation. The bromination of 4-nitro- 
veratrcle leads, therefore, to 6-brom o-4-ni tr over atr ole. In this case 
the reaction proceeds with considerable difficulty at 100°, and yet, 
in view of the tendency to produce 4:5-derivatives, it must be con¬ 
ceded that, whatever the mechanism, her© is a genuine example, of 
direction by the nitro-group. 

A second exception to the rule is found in the synthesis of tetra- 
liydroberberine by Pictet and Gams (' (7om.pt . rend 1911, 155, 386; 
Ber ,, 1911, 44, 2430), an anomalous production of a 3:4-disubsti- 
tuted veratrole apparently due to a particular arrangement in 
space, relative to the imino-group, of the veratrole nucleus in the 
complicated molecule of which it forms a part. 

(c) In the preparation of 3 :4:5-derivatives from a 4 :5-disuhsti- 
tuted catechol ether the new substituent enters the ortho-position 
with respect to the more negative of the groups occupying the posi¬ 
tions 4 and 5 unless one of these groups is powerfully ortho-direc¬ 
tive. The following are examples which occur in the experimental 
part of the paper: 



NO s 


MaO/NnO. . 
Meoi^ Jbt 

Meo/NNO s 

MeOl^Br ; 



(VI.) 

no 2 



oh, 


(IV.) 

(V.) 


NO s 


Meo/NCHO . 

Meo/NCHO MeO.AA Br 

. MeoAbBr 

MeOt JBr ; MeO 1 >Me ' 

MeOl^jMe 


(XV.) 


It appears to be generally recognised that the orientating effect 
of a positive group such as methoxyl is overwhelmingly greater than 
that of a negative group, such as nitroxyl, and that the influence 
of negative groups is chiefly felt in diminishing the positive un- 
saturation of the molecule and so inhibiting further substitutions 
which owe their occurrence to the reactivity associated with the 
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unsaturation of the nucleus conjugated (compare tills vol., p, 964) 
with that of the positive centres. When two identical positive 
groups co-exist in the same molecule and direct substitution to 
different positions, a means is provided for the examination of the 
effect of negative groups on their orientating power. The following 
examples illustrate the weakening effect of a negative group on a 
positive centre situated in the ortho-position, and those which are 
cited above are probably clue to a similar effect exerted from the 
para-position. 


OHO CHO 


MeOdh v 

Mco/NnOj ; Pei h u ’ 
MeOpp ( ' i -’ 

Roberts, and Robinson 
1914, 105, 2389). 

no 2 

NO, 


•Mpo/N „ 

Me0i //V hN0 9 (see page 912). 

MeOS^p , 

MeUl^ 



(XII.) 


OMe 

OMe 

OMe 

A no - 

\/ 

no 2 Q N ° 2 and 

C3 

CO 
iZJiS , 
/ \: 
\_/ 


OMe OMe OMe 


BJanksma (Beo. tmv , Chim. 
1907, 27, 49). 


The exceptional behaviour of o-veratric acid on nitration (Gain 
and Si monsen, T., 1914, 105, 159) has already been adequately dis¬ 
cussed by Gibson, Simonsen, and liau (this vol., p. 73). 


NHAe 

NHAc 

/\ 

/\j$0 

\/ 

! M O 
V2 

OBfc 

OBfc 


II. The Influence of a Negative Group on a Positive Group 
in the Meta-position. 

Perhaps the most widely known example of this effect is to be 
found in connexion with diazo-coupling with a-naphthy 1 amine and 
a-naphthol and with their sulphonic acids. The arrows show the 
position taken up by the entering azo-group: 


OH 

m 

\/\/ 

t 



OH 

/\/\^_ 

v/\/ s0 ' H 
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Comjaarable with this is the behaviour of acetylguaiacol and of 
acetylvanillin on nitration (Pschorr and Sumuleann, Ber,, 1899, 
32, 3405): 

1 

MeO, // \ MeO^^CHO 

AcO^^U— Acol^j, 

We have observed another example of the same kind, and find 
that the bromination of 5-nitroguaiacol (see p. 917) produces 
6-bromo-5-nitroguaiacol: 


^ Me Me 



OMe OMe 

(II.) (HI*) 


In all these cases an ortho-position is preferred to the para, and 
it would seem that a negative group in the meta-position to the 
directive positive group is responsible for the effect. There is evi¬ 
dence, too, that it is not merely an ortho-substitution which is 
favoured, but that it is the particular ortho-position situated 
between the positive and negative groups. Thus Kaufler and 
Wenzel (Ber., 1901, 84, 2239) observed that 2-nitro-p-tolyl methyl 
ether (II) gave 2: S-dinitro-p-tolyl methyl ether (III) on nitration, 
and there are many similar cases which have been recorded, It 
must further be pointed out that a positive group in the ortho- 
position has precisely the opjmsite effect to the meta-situated nega¬ 
tive group. An example of this is found above in I (a), or in com¬ 
paring the nitration of acetylvanillin with that of veratraldehyde. 
In the former case (see above) the nitro-group enters the ortho-posi¬ 
tion with respect to the methoxy-group, whilst in the latter it 
enters the para-position and 6-nitroveratraldehyde is produced. It 
is possible to translate all observations on orientation and cognate 
problems into the form of expressions which represent the distribu¬ 
tion of affinity and the nature of the partly dissociated simple or 
conjugated unsaturated systems to which the initial additions 
occur* The more precise presentation of the difficulties which is so 
obtained is to some extent helpful, but especially in connexion 
with the effect of group on group the experimental data cannot yet 
be regarded as sufficient to enable very definite conclusions to be 
drawn. This is perhaps partly due to the circumstance that the 
entry of a pronouncedly negative or positive group affects the state 
of saturation of all the atoms in the molecule, and the difficulty 
■■■V" ... , , . • ■ ; / isr n* .b 
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resembles that which is met in attempting to trace a relation 
between constitution and physical properties. 

III. The Nitration of BromopiperonaL 

Oelker (Ber„, 1891, 24, 2593) studied this reaction and stated 
that the products were bromonitropiperonal melting at 89° and 
bromodinitropiperonal melting at 172°. These substances are, 
however, bromonitrocatechol methylene ether (IV) and bromodi- 
nitrocatechol methylene ether (V), the aldehydo-gronp having been 
eliminated. The latter substance on reduction yields 3 :4-diamino- 
catechol methylene ether isolated in the form of a phenanthra- 
phenazine, but, under the same conditions of reduction, the corre¬ 
sponding veratrole derivative* (VI) retains its bromine and yields a 
bromo diamino veratrole. 


IV. The Action of Nitric Acid on Methylenedioxyisatin . 

Herz {Ber. y 1905, 38, 2857) prepared methylenedioxyisatin by 
the moderated oxidation with nitric acid of the readily accessible 
dimethylenetetraoxyindigotin, and represented the further action 
of nitric acid as resulting in the formation of an acid (VII), which, 
when heated with aqueous sodium carbonate, lost carbon dioxide 
with the formation of the nitroamine (VIII) : 


OH 3 <g 


—CO 
Nil 


OH,<»| /X g°/( CO - CO - H ) 


\/ 

NO, 


(VII) 


^q/\ 
CH ^<G^yNlh, 

NO, 

(VIII) 

These transformations must, however, be represented in the fol¬ 
lowing manner, since we have identified the product as 5~nitro4~ 
aminocatechol methylene ether, and find that its production is 
accompanied by that of sodium oxalate. Moreover, Herz points 
out that the analytical data for VII agree with the- formula 
C 9 H 6 0 7 N 2 almost as well as for 0 8 H c 0 G N 2 ; 


OH,<0 


o/\ 


co 

\A/ C >' 

UH 


OTT AVVA 
* S °\/ JNH ‘ 00,00 * H * 


oh .< 8 T® 
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V. A Reaction of Piperonylic Acid . 


Mr. J. W. Hogarth discovered in 1914 that a crystalline sub¬ 
stance melting at 86° is obtained by the action of bromine on a 
solution of. piperonylic acid in aqueous sodium carbonate, and the 
further investigation of this compound showed that it is 4:5-di- 
bromocatechol methylene ether (IX), and that it is obtained in 
quantitative amount. 

From the conditions requisite for its formation (see p. 913), 
the conclusion may be drawn that the displacement of the 
carboxyl group is the first reaction, and that the monobromo- 
derivative is then further brominated. In all probability, the 
latter stage is rapid in comparison with the former. This view 
is confirmed by the formation of 6-bromohomoveratrole (see p. 
920) by the application of a similar process to 4:5-dimethoxy- 
o-toluic acid, and the reaction is evidently of the same character 
as that by means of which bromostyrene may be obtained from 
cinnamic acid. Such displacements are clearly analogous to sub¬ 
stitutions and are certainly preceded by addition, whilst the group 
displaced may be removed by hydrolysis, which is facilitated by 
much the same conditions that determine the separation of the 
acetyl group in the preparation of chloroform from acetone. If 
the following formulae are compared, it will be seen that there 
are three factors which should render a group *COR in a hypo¬ 
thetical additive product, such as X, readily removable by hydro¬ 
lysis, namely, the bromine atom in the a-position and the two 
double bonds in the ring. 

,« ClgOH-COMe 
N0 2 ' C H 2 ~-:-C0 2 H 

Me 

i 

O 


o CH r ! 


-C0 2 H 


oh 2 < 


/°\^\/ Br 

L IXco ’ h 

Br(OH) 


(X.) 


The formation of dibromocatechol methylene ether may be 
employed as a sensitive test for piperonylic acid, since the colour 
developed in the sulphuric acid solution of the substance by the 
addition of a trace of nitric acid is highly characteristic* It is 
: : , x x* 2 




910 JONES AND ROBINSON: EXPERIMENTS ON THE 

also probable that the method will be useful in the investigation 
of acids derived from the alkaloids in degradation experiments, 
and Professor W. H. Perkin has already found such an oppor¬ 
tunity in connexion with a methylpiperonylic acid obtained from 
cryptopine (T., 1916, 109/ 918). 

VI. Phe.nantlimphenazhie Derlvatlves. 

It lias been found to be a general rule that the ethers of 1 :2~ 
dihydroxyphenanthraphenazine are bright yellow and exhibit 
green fluorescence in benzene or other neutral solvent, whilst the 
ethers of 2:3-dihydroxyphenanthraphenazine are faintly yellow 
and yield almost colourless solutions with intense violet fluores¬ 
cence. The latter property can be made the basis of perhaps the 
simplest method of obtaining an indication that a plant product 
is a derivative of veratrole substituted only in the 4- or 4:5- 
' positions. A small quantity of the substance is boiled with 40 
per cent, nitric acid in such a manner as to ensure vigorous oxida¬ 
tion and concentration of the solution; a further quantity of con¬ 
centrated nitric acid is then added and the boiling continued for 
a few minutes. The mixture is added to water and extracted 
with ether, the extract washed with water and evaporated, and 
the residue, however small, dissolved in a little alcohol, and after 
the addition of two or three drops of hydrochloric acid, reduced 
by zinc dust. The filtered solution is mixed with sodium acetate 
and a solution of a few crystals of phenanthraquinone in hot 
aqueous sodium hydrogen sulphite, and, after boiling, is extracted 
with benzene. The benzene is clarified by means of calcium 
chloride and filtered, and the fluorescence observed. The reaction 
may be applied with even more certainty to the products obtained 
by oxidation with an alkaline solution of potassium permanganate 
of the substance which is under investigation. Positive results 
were obtained, using about 0’05 gram of papaverine, trim ©thy 1- 
brazilin, eudesmin, and several synthetical compounds which hap¬ 
pened to be in the laboratory at the time the experiments were 
made. The preparation of 1:'2 :4-trimethoxyphenanthraphenazine 
and of the isomeric pyrogallol derivative (see p. 928) confirms the 
correctness of the constitution assigned by Blanksma ( Proc . If. 
A had. W etensch. Amsterdam, 1904, 7, 462) to the dinitrotrimeth- 
oxybenzene (m. p. 152°) which he obtained by the action of 
methyl-alcoholic potassium hydroxide on trinitroveratrole. 

VII. *4 New Heterocyclic Nucleus. 

On attempting to reduce 4:5-dinitroveratrol© to a nitroamine 
y means of hydrogen sulphide and ammonia, an unusual result 
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was obtained, and tlie product was a sparingly soluble orange- 
yellow, crystalline compound, C 1(5 H ]C O t; N 4 S, which on reduction 
furnished a base, C 16 H 18 0 4 N 4 S, having the properties of a deriv¬ 
ative of veratrylamine (see p. 925). Evidently a nitro-compound 
has been reduced to the corresponding amine. Bearing in mind 
the method of formation of the substance C 1G H 16 0 G N 4 S, it seems 
that the fragments to he combined are 


MeO^b-N 

MtOl i-N ’ 


N/b 0Me 

no 2\ yoMu’ 


and it then appears that the formula of the substance must be 
one of the following 


MeO," 

-MeOl 


OMe 


S >N T —( >OMe 

■b/ oV 7 

(XI.) 

(excluded) 

J~ n:n—/ 




(XII.) 

s 



/ 

\ 


)Cx< 




(improbable) 


There is no evidence which enables a decisive choice to be made 
from the various possibilities, but perhaps XI is preferable as 
being analogous to the constitution now accepted for benzfurazan 
oxide (XII) (G-reen and Rowe, T., 1913, 103, 897; Forster and 
Barker, ibid., 1918). The whole question of the mode of forma¬ 
tion and the properties of these substances will be more closely 
investigated when opportunity occurs. In the meantime, the SX 3 - 
group has been provisionally designated “ thiotriazo/’ and the 
substance XI is described as 6-nitroveratryl-4:5-thiotriazo- 
veratrole. 


Experimental. 


$ 3 : &-DInitrGveratrole (XIII). 

3-Nxtroveratrole was dissolved in cold nitric acid (D 1*42) and 
the solution allowed to remain during two hours, and then poured 
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into water. The precipitated oil soon solidified, and the sub¬ 
stance was purified by several crystallisations from methyl alcohol. 
The pale yellow needles melted at 96° with previous softening, 
and although obviously not quite pure, the amount of material 
available was insufficient to enable us to remedy this by a long 
series of fractional crystallisations: 

0*1095 gave 0*1699 C0 2 and 0*0372 H 2 0. 0 = 42*3; 11 = 3*8. 

C 8 H s 0 6 N 2 requires 0=42*1; 11 = 3*5 per cent. 

The substance is readily soluble in most organic solvents and is 
changed by fuming* nitric acid to 3:4:5-trinitroveratrole. Gibson, 
Simonson, and Ran (this vol., 83) have described as 3:4-dinitro- 
veratrole a substance melting at 181° which is sparingly soluble 
in alcohol. In the introduction to their communication, these 
authors recognise the improbability that 3:4-dinitroveratrole can 
have so high a melting point, but since the molecular weight of 
the substance was determined they do not reconsider the view 
advanced. When opportunity offers, attempts will be made to 
prepare the dmitro-derivative by a new method, and so clear up 
the question of the melting point. In the meantime, the follow¬ 
ing experiment proves the constitution of the substance obtained 
as described above. 

The substance (0*5 gram) was dissolved in boiling alcohol 
(10 c.c.), mixed with concentrated hydrochloric acid (5 c.c.), and 
an excess of zinc dust added in one portion. After the stormy 
reaction water was added and the solution filtered, mixed with 
excess of sodium acetate and with a solution of phenanthraquinone 
in hot aqueous sodium hydrogen sulphite to which sodium acetate 
had also been added. The mixture was boiled, and the quin- 
oxaline derivative soon separated in yellow flocks, which were 
collected, dried, and crystallised from alcohol, and so obtained 
in long, yellow needles melting sharply at 175°. Pisovschi (Ber., 
1910, 43, 2137) has previously prepared this 1:2-dimethoxy- 
phenanthrapheiiazine, and the product from 3:4~dinitroveratrole 
agrees in every respect with his description. Like the correspond¬ 
ing methylenedioxy-derivative (compare p. 927), its benzene solu¬ 
tion exhibits intense green fluorescence. 


S-Bromoacc t ov eratrylamide , 


Meo/b^HAc 

MeOi^pBr 


Acetoveratrylamide was brominated in cold -acetic acid solution 
by means of a molecular proportion of bromine. The reaction 
was almost instantaneous, and, after the addition of water, the 
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substance was collected and crystallised from methyl alcohol. 
From a fairly dilute solution a single stellar aggregate of needles, 
some of them 9 cm. long, was obtained. The melting point was 
140°: 

0*1332 gave 0*0912 AgBr. Br = 29*l. 

C 10 H 13 O 3 NBr requires Br —29*2 per cent. 

This substance was converted into 4:5-dibromoveratrole in the 
following manner. The amide (10 grams) was boiled during ten 
minutes with saturated aqueous hydrobromic acid (25 c.c.), then 
diluted with water (150 c.c.), cooled to —5°, and the amine con¬ 
tained in the solution diazotised in the usual way. Copper powder 
was then added, and, after remaining overnight, the reaction was 
completed by heating on the steam-bath and the whole extracted 
with ether. The solution was washed with alkali and water, 
dried, and evaporated, and the residual oil gradually crystallised 
ou keeping in the ice-chest. It was freed from impurity by con¬ 
tact with porous porcelain, and, after crystallisation from alcohol, 
was obtained in prisms melting at 92—93° identical with the 
product of bromination of veratrole. 

4 '.b-Dihroniocatechol Methylene Ether (IX). 

This compound is readily obtained by adding bromine water to 
a solution of piperonylic acid in aqueous sodium carbonate until 
no further precipitate is formed. It may be crystallised from 
alcohol, and is so obtained in colourless, glistening leaflets melt¬ 
ing at 86°, and moderately readily soluble in most organic 
solvents; 

0*1276 gave 0*1703 AgBr. Br = 56*8. 

'C 7 H 4 0 2 Br 2 requires Br = 57*2 per cent. 

The pale yellow solution in sulphuric acid is changed to crimson 
on the addition of a trace of nitric acid. 

The substance is not formed by treatment of an alkaline solu¬ 
tion of piperonylic acid with ready-formed hypobromite, or even 
by the bromination of piperonylic acid in acetic acid solution. 
Neither can it be obtained by the addition of bromine water to a 
solution of bromopiperonylic acid in sodium carbonate. Yeratric 
acid did not undergo the reaction so readily as piperonylic acid, 
but the result was similar and 4:5-dibromoveratrole was isolated. 
It seems probable that the method will be useful in the investiga¬ 
tion of carboxylic acids derived from alkaloids and other natural 
products by oxidation. 

4:5-Dibromocatechol (Cousin, lot, cit., 487), which yields 4:5- 
dibrom over at role on methylation, was converted by methylene 
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iodide and sodium ethoxide in boiling alcoholic solution into 
4:5-dibromocatechol methylene ether melting at 86°, and identical 
with the substance obtained as described above. This compound 
was also produced by the direct bromination of catechol methylene 
ether in acetic acid solution. 


§-Ivitro-veratryl amine (XIV). 

6-Nitroacetoveratrylamide was boiled with concentrated hydro¬ 
chloric acid until the whole of the yellow needles passed into 
solution. The pale yellow hydrochloride of the base separated on 
cooling, and on the addition of much water was decomposed, yield¬ 
ing the orange nitroamine. This was collected and crystallised 
from alcohol, from which it separated in deep orange prisms melt¬ 
ing at 175°: 

0T3Q4 gave 0*2315 C0 2 and 0*0600 EL 2 0. C = 48*4; H = 5*l. 

C 8 H 10 O 4 N 2 requires C = 48*5; H = 5*0 per cent. , 

The substance could be diazotised, and gave a crimson azo¬ 
compound by coupling with j8-naphthol. When the diazonium 
bromide prepared in hydrobromic acid solution was treated with 
copper powder, nitrogen was evolved, and, after completing the 
reaction by gentle heating, the neutral substance formed was 
isolated and identified with 4-bromo-5-nitroveratrole, melting at 
125°. 

Acetyl Derivative .—Acetoveratrylamide (10 grams) in acetic 
acid (50 c.c.) was nitrated in the cold by the addition of nitric 
acid (10 c.c., I) 1*42) in acetic acid (50 c.c.). The bright yellow 
product of the reaction separated for the most part in the crystal¬ 
line condition, and, after the addition of water, was collected and 
recrystallised from alcohol, in which the substance is somewhat 
sparingly soluble. It was obtained in long needles melting at 
199°: 

0*1258 gave 0*2326 C0 2 and 0*0592 H a O, C = 50*4; H = 5*2. 

Ci 0 H 12 O 5 N g requires 0=50*0; 11=5*0 per'cent. 


b-NitroA-acetylmninocatechol Methylene Ether , 


OH a < oi 




\/ 


NHAc 
•NO, ‘ 


This derivative is obtained in theoretical amount when 4-acetyl- 
aminocatechol methylene ether is nitrated in cold acetic acid solu¬ 
tion. After the addition of water, the substance was collected 
and crystallised from aeetic acid, rnd then from ethyl acetate. 
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The bright yellow needles melt at 209°, and the compound is 
sparingly soluble in boiling alcohol: 

0*1247 gave 0*2207 CO* and 0*0419 1L>0. 0 = 48*3; IT = 3*7. »- 
CgHgOgNg requires 0 = 48*2; H = 3*6 per cent. 

In view of the results of Herz Qoc. cit .), which are discussed 
on p. 908, it is interesting to note that this amide is readily 
hydrolysed by alkaline agents and even by a boiling solution of 
sodium carbonate, but the more convenient method is to employ 
hydrochloric acid diluted with half its volume of alcohol. The 
acetyl derivative is finely powdered and treated with the boiling 
mixture until a homogeneous solution is obtained. On the addi¬ 
tion of water, an orange, crystalline precipitate of pure 5-nitro- 
4-aminocatechol methylene ether separates, and, after crystallisa¬ 
tion from benzene, the substance melts at 198° and is identical 
with the compound obtained by Herz and also by Marneli 
(Gazzetta , 1909, 39, ii, 172) by the action of alcoholic ammonia 
on 4:5-dinitrocatechol methylene ether. The amine is most easily 
obtained by a modification of Herz’s process, starting with nitro- 
piperonal. The nitroaldehyde (80 grams), dissolved in acetone 
(240 c.c.), was heated on the steam-bath during half an hour with 
aqueous iV-potassium hydroxide (750 c.c.). The paste of the 
indigotin derivative was collected and washed, and gradually 
added with stirring to nitric acid (150 c.c., D T42) and water 
(100 c.c.). The oxidation may be induced at first by gentle warm¬ 
ing, after which the further application of heat is disadvantageous. 
The product was collected and washed "with water, and then boiled 
during five minutes with a solution of sodium carbonate (50 
grams) in water (500 c.c.). The nitroamine was precipitated in 
the crystallised condition, and was separated and purified by solu¬ 
tion in concentrated hydrochloric acid and recovery by dilution 
with water. 5-Nitro4-aminocatechol methylene ether may be 
recovered unchanged after being bod 3d with acetic anhydride, but 
in the presence of a trace of sulphuric acid the acetylation is 
rapid and the derivative crystallises from the solution. The nitro- 
amine is attacked by hot aqueous sodium hydroxide, and a blood- 
red solution is produced, but the reaction is complex and un¬ 
accompanied by evolution of ammonia. 



916 


JONES AND ROBINSON : EXPERIMENTS ON THE 


5: Q-Mcthi/lencdioxy-2-methylbc-miminazole, 



NH 


5-Nitro-4-acetylaminoeatechol methylene ether (1 gram) was 
reduced during an hour by heating on the steam-bath with acetic 
acid (25 c.c.), stannous chloride (0*5 gram), and excess of tin. 
After one or two minutes, a tin compound separated from the solu¬ 
tion in colourless crystals, but this gradually disappeared, and at 
the end of the operation the liquid had a pale yellow colour. 
Water and sodium hydroxide sufficient to redissolve the precipi¬ 
tate were added, and the solution was twice extracted with ether. 
The combined extracts were dried with potassium carbonate and 
evaporated, and the crystalline residue purified by several re¬ 
crystallisations from benzene. The colourless, transparent leaflets 
so obtained appear to contain solvent of crystallisation, and 
became opaque on exposure to the air. The substance was dried 
at 100°: 

0*1113 gave 0*2490 C0 2 and 0*0463 BUG. 0 = 61*0; H=4'6. 

C 9 H 8 0 2 N 2 requires C = 61*3; 11 = 4*5 per cent. 

This base is sparingly soluble in ether, benzene, or light 
petroleum, but dissolves freely in methyl alcohol and also to some 
extent in hot water, from which it crystallises in needles. It melts 
at 226—227° after sintering at 223°. The hydrochloride is readily 
soluble in water, but may be ]Mecipitated in needles by saturation 
of the solution with salt. The hydrogen oxalate is sparingly 
soluble and crystallises from water in characteristic, satiny plates. 
The plcrate crystallises from methyl alcohol in canary-yellow 
clusters of long needles. It is sparingly soluble and carbonises 
between 230° and 250° without sudden decomposition. 


4 -Bromo-'o : Q-dinitro veratrole (VI). 

A quantitative yield of 4-bromo-5-nitroveratrole is obtained by 
the nitration of bromoveratrole in acetic acid solution (compare 
Gaspari, loc. and on fractionally crystallising the product it 

was found to be perfectly homogeneous, and consequently the 
bromoveratrole is also homogeneous and contains no 3-bromo- 
veratrole. 4-Bronao~5-nitroveratrole may also be obtained by the 
action of nitric acid (D 1*42) on that bromoveratric acid which 
results from the hydrolysis of brominated methyl veratrate or from 
the oxidation of hromoveratralclehyde. Gaspari (loc. cit.) obtained 
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the clinitro-derivative by the action of fuming nitric acid on 
bromoveratrole, but from the point of view of yield it is better 
to isolate the bromomononitroveratrole and submit this substance 
to the action of cold fuming nitric acid (D 1*53). In this way, the 
amount obtained approximates closely to that demanded by 
theory. The constitution of this substance is proved by its con¬ 
version into a bromodinaethoxyphenanthraphenazine. as described 
on p. 928. 


Q-Brom o-5-n itrogun iucol, 


Me0/N 

HOl^ yN0 2 ' 

Br 


5-Nitroguaiacol (5 grams) dissolved in acetic acid (50 c.c.) was 
brominated by the gradual addition of bromine (5 grams) dis¬ 
solved in acetic acid (20 c.c.). After half an hour, the mixture 
was diluted with water, and the solid collected and recrystallised 
from aqueous alcohol. The substance is obtained in pale yellow 
needles, which become prisms if allowed to remain in contact with 
the solvent, and in either crystalline condition melts at 150°: 

0*1364 (0*1206) gave 0*1032 (0*0913) AgBr. Br = 32*2 (32*2). 

C 7 H 0 O 4 lSrBr requires Br = 32*3 per cent. 

The substance is readily soluble in aqueous sodium carbonate 
to a red solution. 

6-Bromo-5-nifro veintrole, 



The foregoing bromonitroguaiacol was methylated by shaking 
its warm solution in aqueous sodium hydroxide with methyl 
sulphate. The pale yellow? substance was collected and crystal¬ 
lised from alcohol. The slender needles melted at 81—82°, and 
when mixed with specimens of 5:4- and 6:4-bromonitroveratroles 
the melting point was depressed: 

0*1175 gave 0*0840 AgBr. Br = 30*4. 

C 8 H 8 0 4 NBr requires Br = 30*5 per cent. 

This substance is rather readily soluble in organic solvents, and 
dissolves in sulphuric acid to a bright red solution, from which it 
may be recovered unchanged on the addition of water, 

Bromination of ArNitrov era trole. Formation of &~Bromo~ 4- 
mtrogumacol and of 5-BromoA-niiroveratroIe . 

4-Nitroveratrole (10 grams), chloroform (20 c.c.), and bromine 
(9 grams) were heated together during forty-eight hours in a 
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sealed tube placed in boiling water. After the reaction, ether 
was added and the solution shaken with concentrated aqueous 
sodium hydroxide. The precipitated sodium salt was collected, 
washed with ether, dissolved in water, and acidified with hydro¬ 
chloric acid. The separated nitrophenol was collected and crystal¬ 
lised from alcohol and again from benzene, and obtained in pale 
yellow, glistening needles, which melted at 150—152° with some 
decomposition, and was identified with 8-bromo-4-iiitroguaiacol, 
which Meldola and Streatfeild (loc. cit.) obtained by the bromina- 
tion of 4-nitroguaiacol, and which was also prepared by Robertson 
(loc. cit.) by nitrating o-bromoguaiacol. The melting points 
assigned to the substance by these authors are respectively 142° 
and 148°. 

The ethereal solution from the separation of the sodium salt 
was well washed with water, dried, and evaporated. The residue 
was fractionally crystallised at first from methyl alcohol and later 
from ethyl alcohol, and separated into unchanged nitroveratrole, 
and a small proportion of the more sparingly soluble 6-bromo-4- 
nitroveratrole, which crystallised in slender needles melting at 
112—113°. 

The substance is more readily obtained by methylating 6-broxno- 
4-nitroguaiacol by means of methyl sulphate in the usual manner. 

4rBromo-5-nitrocatechol Methylene Ether (IV). 

This substance has been prepared by Oertly and Pictet (, Ber ,, 
1910, 43, 1336) by the action of nitric acid on bromopiperonylie 
acid, and an identical compound is obtained by the nitration of 
an acetic acid solution of bromocatechol methylene ether pro¬ 
duced in its turn by the bromination of catechol methylene ether 
dissolved in acetic acid by means of bromine vapour (from 1*2 
mols. of bromine) diluted with air. 

Another method of preparation depends on the displacement of 
the amino-group of 5~nitro-4~aminocateehol methylene ether by 
bromine by means of the diazo-reaction. The amine was dissolved 
in concentrated aqueous hydrobromic acid and diazotised by the 
addition of sodium nitrite, until a clear solution was obtained 
on treating a test portion with water. The solution was diluted, 
treated with copper powder, and allowed to remain overnight, and 
then extracted with ether. The bromonitrocatechol methylene 
ether which passed into the ether was obtained by evaporation of 
the solvent and crystallisation of the residue from alcohol. The 
pale yellow needles melted at 89°, and the substance was identical 
with the compounds obtained by the" other 'methods here 
described 
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The most convenient process for the production of this substance 
is, however, the nitration of bromopiperonal. 

The reaction proceeds in acetic acid solution, but it is better to 
add the aldehyde (15 grams) gradually to nitric acid (100 c.c., 
D 1*42) during an hour with careful cooling. The product partly 
crystallises from the solution, and, after the addition of water, 
may be collected and crystallised from alcohol. The yield of pure 
bromonitrocatechol methylene ether melting at 89°, and quite 
identical with the substance obtained as described above, is very 
good, and there can be no doubt that this is the substance which 
Oelker (loe. bit.) recorded as a bromonitropiperonal. The follow¬ 
ing analyses were made of this nitration product of bromo¬ 
piperonal : 

0*1312 gave 0*1657 C0 2 and 0*0237 H 2 0. 0=34*4; H = 2*0. 
0*1306 „ 0*0983 AgBr. Br = 32*l. - 

C 7 H 4 0 4 NBr requires 0 = 34*2; 11=1*6; Br = 32*5 per cent. 


4 -Bromo-5 iMinitrocatechol Methylene Ether, 

This derivative may be obtained directly from bromopiperonal 
or, better, from bromonitrocatechol methylene ether by dissolving 
■either in an excess of cold nitric acid (D 1*52), The sparingly 
soluble substance crystallises from ethyl alcohol in pale yellow, 
prismatic needles melting at 172°, which is the melting point 
assigned by Oelker (Joe. cit.) to his supposed bromodinitro- 
piperonal: 

0*1437 gave 0*1534 C0 2 and 0*0153 TL>0. C = 29*l; H = l*2. 

0*1527 „ 0*0382 AgBr. Br = 27*4. 

C-TTjjOflNgBr requires 0 = 28*9; 11=1*0; Br = 27*5 per cent. 

fyBromo^»niiroha?)wvftratrole (XV). 

Bromine (7 c.c.) dissolved in acetic acid (50 c.c.) was added to 
a mixture of homoveratrole (20 grams) and acetic acid (10 c.c.). 
Rise of temperature was checked during the addition, and the 
halogen was rapidly absorbed and the product isolated in the 
usual manner, 6 ~Bromohomo veratrole is an oil with a pleasant 
aromatic odour, and boils at 267°: 

0*1422 gave 0*1153 AgBr. Br=34*5. 

CoHjiOgBr requires Br = 34*6 per cent. 

Attempts were made to bring this substance into reaction with 
magnesium in order to facilitate the synthesis of m-hemipinic acid, 
but without success. 

The bromo-derivative (20 grams) in acetic anhydride (40 c.c.) 
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was cooled in ice water, and a previously prepared, well-cooled 
mixture of nitric acid (15 c.c., D 1*42) and acetic anhydride 
(40 c.c.) gradually added. After half an hour, the reaction mix¬ 
ture was poured into water and the precipitated oil washed with 
several changes of dilute aqueous sodium hydroxide. The oil soon 
solidified, and was collected and crystallised from methyl alcohol, 
from which it separated in long, pale yellow needles melting at 
121 °: 

0*1520 gave 0*1029 AgBr. Br = 28'8. 

C 9 H 10 O 4 NBr requires Br — 29'0 per cent. 

The constitution of this substance is deduced in the following 
manner. Bromohomoveratrole is oxidised by warm alkaline 
potassium permanganate solution to 6-bromoveratric acid, which, 
however, was not identified as such, but was converted by nitric 
acid into 4-bromo-5-nitroveratrole. The bromination product of 
homoveratrole is therefore 6-bromohomoveratrole, and the nitro- 
group in the derivative must occupy either the position 5 or 2. 
That the substance is not an o-nitrotoluene is shown by the fact 
that it does not contain an activated methyl group, and, for ex¬ 
ample, will not condense with cotarnine in alcoholic solution in 
the presence of sodium ethoxide. In connexion with another 
investigation, one of us has recently prepared 2-nitrohomoveratrole, 
and this may be converted into' an anhydrocotarnine derivative. 
Moreover, since the introduction of halogens usually increases the 
facility with which such condensations are effected, it seems that 
the bromonitrohomoveratroie must have the constitution here 
assigned to it. The formation of this substance was utilised in 
order to show that the action of bromine on a solution of 4:5~di~ 
methoxy-o-tolixic acid (Perkin and Weizmann, T., 1906, 99, 1651) 
in aqueous sodium carbonate leads to the quantitative formation 
of 6-bromohomoveratrole. The authors are greatly indebted to 
Professor W. H. Perkin for the provision of a specimen of the 
acid in question. 

■NO, 

fi-Bro77io~2-nitro veratr aldehyde, 

6-Bromoveratraldehyde was nitrated by slowly adding the 
powdered substance to ten times its weight of nitric acid (D 1*42), 
checking undue rise of temperature by cooling in water, and, when 
the solid had passed into solution, the mixture was allowed to 
remain during half an hour and then poured into water. The 
precipitate was collected and dissolved as far as, possible' in a 
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solution of sodium hydrogen sulphite. The residue was crystal¬ 
lised from alcohol, and the pale yellow needles were identified as 
4-bromo-5-nitroveratrole, melting at 124°. The amount of this 
substance which was obtained was relatively small. The hydrogen 
sulphite solution was decomposed by the addition of sodium 
carbonate, and the precipitated aldehyde collected and crystallised 
from alcohol. The very pale yellow needles melted at 109°: 

0-1259 gave 0*0809 AgBr. Br=27*3. 

0 9 H 8 0 5 NBr requires Br —27*6 per cent. 

The constitution of this substance is demonstrated by the forma¬ 
tion of the indigotin derivative described in the next section. 

4 A^Dihromo-Q : 7 : 6 ; : 7 l -te tra m ethoxyindigotin , 

Br Br 



OMe OMe 


The bromonitroveratraldehyde (4 grams) was dissolved in 
acetone (30 c.c.) and aqueous potassium hydroxide (5 c.c. of 10 
per cent.) added. After a minute, the mixture was diluted with 
water (100 c.c.) and boiled during five minutes. The precipitated 
indigotin was collected and washed with hot alcohol, dried, and 
crystallised from nitrobenzene: 

0*1281 gave 0*0890 AgBr. Br = 29*6. 

C 20 H lc O ti N 2 Br 2 requires Br— 29*6 per cent. 

The substance is obtained in slender needles which have a par¬ 
ticularly brilliant coppery lustre, and do not melt at 360°, but at 
about this temperature begin to carbonise. It is extremely 
sparingly soluble in solvents, and its dilute solutions in boiling 
nitrobenzene and aniline are pure blue. 

The purple solution in sulphuric acid quickly becomes blue. 


5 -Bromovcra tr aldehyde. 

This substance has been previously prepared by Dakin (Amer. 
Chem. 1909, 42, 494) by the methylation of 5-bromovanillin 
with methyl sulphate and potassium hydroxide, and also by 
Fschorr, Selle, Koch, Stoof, and Treidel (Annalen, 1912, 391, 31) 
by a similar process applied to the product of bromination of 
protocatechualdehyde, but these authors give no details of the 
process employed. Our experiences in this connexion indicate a 
precaution which it is desirable to take in methylating phenolic 
aldehydes. 



922 JONES AND ROBINSON : EXPERIMENTS ON THE 

Vanillin was brominated in acetic acid by means of rattier 
more than a molecular proportion of bromine, and the bromo- 
aldeliyde was then methylated by methyl sulphate and potassium 
hydroxide in alcoholic solution. *The operation was not entirely 
satisfactory owing to the readiness with which the aldehyde under¬ 
goes the Cannizzaro reaction, and no more than a 50 per cent, 
yield could be obtained. The conditions were similar to those 
which gave good results in the preparation of veratraldehyde 
(Perkin and Robinson, T., 1907, 91, 1079), but for the reason 
mentioned the solution should never he allowed to become very 
strongly alkaline. On the addition of water, an oil separated, and 
usually slowly crystallised when the mixture was kept in a cold 
place. Occasionally, however, the oil could not he solidified, and 
was dissolved in ether and the aldehyde extracted by a solution 
of sodium hydrogen sulphite, from which it was regenerated as a 
readily crystallising oil by the addition of sodium carbonate. The 
substance was collected and dried and crystallised from light 
petroleum, from which it separated in felted needles melting 
at 62°. 

On acidifying the alkaline solution from which the aldehyde was 
originally separated, a crystalline precipitate was obtained, and 
this was identified as 5-bromoveratric acid. The substance crystal¬ 
lised from -water in needles melting at 191°, and the silver salt 
was prepared. (Found: Ag = 29*2. Calc.: Ag=29‘4 per cent.) 

The ethereal solution from which the aldehyde had been extracted 
by repeated washing with sodium hydrogen sulphite was dried 
and evaporated, and a yellow oil remained; this could not be 
crystallised, but was readily converted into a solid nitro-denV 
at-ive by the action of nitric acid in acetic acid solution in 
the cold. The substance crystallised from alcohol in pale yellow, 
slender, brittle needles melting at 115°. This substance does not 
show the properties of a nitrobenzyl alcohol, and is unchanged 
after treatment with acetyl chloride or with benzoyl chloride in 
the presence of pyridine. On oxidation with potassium perman¬ 
ganate in alkaline solution, it yields the bromoni trover atric acid 
which is mentioned in the next section. It may be synthesised in 
the following manner. 5-Bromoveratraldehyde dissolved in a little 
alcohol was added to a concentrated solution of potassium hydr¬ 
oxide, and the mixture well shaken from time to time during three 
, days. The bromohomoveratryl alcohol was extracted with ether, 
and any unchanged aldehyde removed by shaking the solution 
with aqueous sodium, hydrogen sulphite. The extract was then 
dried and evaporated and the residue warmed with concentrated 
aqueous hyclrobromic acid. On the addition of water, a crystal- 
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line substance was obtained, which was collected and thoroughly 
dried and then added to a solution of sodium methoxide in abso¬ 
lute methyl alcohol. Sodium bromide separated, and after gently, 
warming on the steam-bath during fifteen minutes the addition of 
water precipitated an oil, which was isolated and nitrated, and so 
converted into the substance which is under discussion This 
result demonstrates that the nitro-derivative is Q-bromo-b-n itro-i- 
methoxymethylveratrole . Not only has the aldehyde been con¬ 
verted by the action of the alkali into the corresponding alcohol, 
but the latter has been transformed into its methyl ether by the 
action of the methyl sulphate. 

b-Bromoveratraldoximes —This derivative, obtained in the usual 
manner, crystallises from alcohol in needles melting at 85°. 


b-Brorno-Q-nitroveratraldehyde; Z-Bromo -4:5 -dinitroveratrole } 

Meo/NcHO Meo/NNO* 

MeOyyN0 2 > MoOl^yNOj- 

Br Br 

5-Bromoveratraldehyde was dissolved by very gently heating in 
ten times its weight of nitric acid (D 1‘42), and the mixture 
allowed to remain overnight, when a considerable proportion of 
the nitro-derivative was found to have crystallised from the solu¬ 
tion. Water was added, and the substance collected and crystal¬ 
lised from alcohol. There was no evidence of the formation of 
substances other than the nitro-aldehyde, and the colourless needles 
melted at 138°: 

0*1310 gave 0*0850 AgBr. Br—27*6. 

C 9 H 8 O s NBr requires Br —27*6 per cent. 

The constitution of the substance was proved by oxidation to 
the corresponding acid and the transformation of this into a 
bromodiiiitroveratrole, which could he reduced to 4:5-diamino- 
veratrole. The aldehyde was finely powdered and suspended in 
A-potassium hydroxide, and then oxidised by potassium perman¬ 
ganate at 100° during half an hour. The permanganate was 
added gradually and so that there was always a moderate excess 
of the reagent. The oxidation of the aldehyde was found not to 
proceed in a satisfactory manner unless the solution was strongly 
alkaline, and this appears to be a general rule for such nitro- 
aldehydes, no doubt because the conversion to alcohol and acid 
assists 'the process, After the. operation, the excess of oxidising 
agent was decomposed by alcohol and the yellow filtered solution 
acidified with hydrochloric acid. The colourless precipitate was 
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collected, and consisted of 5 -bromoS-nitrovcntirie acid, which is 
sparingly soluble in water and may be crystallised from dilute 
acetic acid, being obtained in colourless bunches of needles melt¬ 
ing at 207°. 

This acid, in view of its method of preparation, must be remark¬ 
ably resistant towards potassium permanganate. It crystallised 
unchanged from nitric acid (D T4), but when boiled with an excess 
of fuming nitric acid (D 1*52) was transformed into S-bromo-i : 5- 
dinitroveratroh’ by elimination of the carboxyl group. The pro¬ 
duct was washed with dilute aqueous potassium hydroxide and 
crystallised from alcohol, being obtained in pale yellow needles 
melting at 121°: 

0*1149 gave 0*0712 AgBr. Br = 26’4. 

C 8 H 7 0 6 N 2 Br requires Br = 26*l per cent. 

This substance was also obtained by the action of finning nitric 
acid on 6-bromo-5-nitroveratrole. Vigorous reduction removed the 
bromine atom, and in order to ensure the completion of the reac¬ 
tion the following method was used. The bromodinitroveratrole 
(1 gram), dissolved in hot alcohol (30 c.c.), was mixed with hydro¬ 
chloric acid (5 c.c.) and zinc dust (10 grams) added in one portion. 
The stormy reaction over, water was added, and the mixture boiled 
during four hours. The solution was filtered, mixed with an 
excess of sodium acetate and with a solution of phenantlira- 
quinone (1*5 grams) in aqueous sodium hydrogen sulphite, and 
heated to boiling. The precipitated phenazine derivative was 
crystallised from acetic acid and then thrice from xylene, and 
obtained iii slender, yellow needles melting at 2G0°, which were 
identified with 2 : 3-dim ethoxyphenanthraphenazine (Moureu, 
Cfom.pt, rend,, 1896, 123, 33). 


7 : I'-Dibromo-S ; 6 :5 ; : ty-tetfameth axyin digotin , 
MeO/\cO-^ n . p ^OO-f / \ ! OMe . 


MeOl^ 
Br 


Br 


This substance was obtained from 5-bromo-6-nitroveratraldehyde 
by the employment of a method precisely identical with that 
described above for an isomeride. The indigotin derivative was 
produced in good yield, and was crystallised from nitrobenzene, 
in which, as in all other solvents, it is very sparingly soluble, and 
obtained in deep blue needles which have a bronze glance, but 
not a particularly striking one. The substance does not melt or, 
appear to decompose at 360°: . 
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0*1463 gave 0*1022 AgBr. Br = 29*7. 

C 20 H 10 O 0 N»Br requires Br — 29'6 per cent. 

The solution in sulphuric acid is intense royal-blue and does not 
change on keeping. 

6-iY it to veratryl-A : 5 -thiotnazo veratrole (XI). 

4:5-Dinitroveratrole (9 grams) was dissolved in hot alcohol 
(300 c.c.), mixed with aqueous ammonia (50 c.c., D 0*88), and the 
liquid rapidly saturated with hydrogen sulphide. In a few 
minutes a crystalline precipitate separated, and was collected and 
crystallised by adding alcohol to- its solution in nitrobenzene, and 
then several times from xylene: 

0*1174 gave 0*2122 C0 2 and 0*0433 H S G. 0 = 49*3; H = 4T. 

0*1260 „ 15*4 c.c. X 2 at 19° and 763 mm. N = 14*4. 

0*1243 „ 0*0712 BaS0 4 . S = 7*9. 

C lfi H J0 O fl N 4 S requires C = 49*0; 11 = 4*1; N = 14*3; S = 8*2 per cent. 

The orange, lanceolate prisms melt at 219°, and this substance is 
very sparingly soluble in most organic solvents. It dissolves in 
sulphuric acid to a Bordeaux-red solution, and on the addition of 
water is precipitated unchanged; in this and other respects it fails 
to exhibit any basic properties. 


Aminov eratrylA : 5 -thiotriazoveratrole. 

The nitre-derivative (10 grams), mixed with hydrochloric acid 
(50 c.c.) and acetic acid (10 c.c.), was heated on the steam-bath 
with an excess of granulated tin until all the orange compound 
had entered into reaction and its place was taken by a colourless, 
crystalline precipitate of the hydrochloride of the new base. Since 
the separation of this salt appeared to be quantitative, it was col¬ 
lected, dissolved in water, and decomposed by the addition of 
potassium hydroxide. The base was several times recrystallised 
from alcohol and from toluene, and obtained in characteristic 
stellar aggregates of colourless leaflets with a satiny appearance, 
melting at 114°: 

0*1165 gave 0*2272 C0 2 and 0*0558 II 2 0. 0=53*2; H = 5*3. 

0*1317 „ 17*4 c.c. No, at 16° and 762 mm. N = 15*7. 

0*1490 „ 0*1006 BaSCq, S = 9*2. 

C lo H 18 0 4 N 4i S requires 0=53*0; H = 5*0; N = 15*5; S = 8*9 per cent, 

The pure substance dissolves in sulphuric acid to a colourless 
solution, but the crude material contains an impurity which 
develops a rose colour under these conditions, and this becomes 
deep blue, and finally violet, on the addition of water. The salts 
of the, base, are rather sparingly soluble, and the hydrochloride 
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crystallises from hot water in slender, colourless needles, and on 
tlie addition of ferric chloride to its dilute aqueous solution, a 
splendid deep blue coloration slowly appears. This reaction is 
characteristic of many veratrylamine derivatives, and is the result 
of oxidation, which in the case of homoveratrylamine was shown 
(Luff, Perkin, and Robinson, T., 1910, 97, 1137) to lead to the 
production of a p-quinone by elimination of the amino- and 
methoxy-groups. There was evidence that the reaction proceeded 
in a similar direction in the present instance, but the quinone 
could not be isolated in a pure condition. 

The base is diazotisable, and the azo-j8-naphthol derivative is 
intense crimson and was obtained in part in a colloidal condition, 
so that even a filtered solution appeared to have violet fluorescence, 
due, however, to suspended particles. The acetyl derivative of 
the base could not be obtained in a crystalline condition. It is 
produced on wanning the amine with acetic anhydride, and, after 
the addition of water, a clear solution is obtained from which the 
acetylamino-compound is precipitated only by the addition of 
alkali. It is not diazotisable and gives no colour with ferric 
chloride, so that, the acetylation being* complete, it is evident that 
basic function can in some circumstances be exercised by the 
heterocyclic nucleus contained in these curious substances. 


5(or 6)-iY//ro-6(or o)-amuio -1:2 :4 -triinetliovybeuzene, 

nh 2 ' m 

'Meo/bNO, Meo/bNH, 

MeOI^ / OMe , ’ 1 ' MeO^ ^OMe ' 

The behaviour of dinitroveratrole on reduction with ammonia 
and hydrogen sulphide induced us to investigate other cases of a 
similar character, and having in our possession a specimen of 
5 :6-dinitro-l : 2 :4-trimethoxybenzene (Blanksma, Chem * Weekblad 
1912, 9, 440), we applied the reaction to this substance and 
obtained as sole product a nitroamine. A mixture of 5:6-dinitro- 
1; 2:4-trimethoxybenzene (7 grams), ethyl alcohol (100 e.c.), and 
aqueous ammonia (80 c.e.. D 0‘88) was saturated in the cold with 
hydrogen sulphide and then boiled under reflux during half an 
hour. The liquid was diluted with water and allowed to remain 
in the ice-chest, when long yellow needles, gradually separated, and 
were collected and crystallised from water and then from a mix¬ 
ture of benzene and light petroleum (b. p. 50—60°). The sub¬ 
stance crystallises in 'bright orange-yellow needles or in well- 
defined orange prisms melting at 118° ^ 
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0*1146 gave 0*1986 C0 2 and 0*0538 II 2 0. C = 47*3; H*=5*2. 

C 9 H 12 0 5 N 2 requires C = 47*4; H —5*2 per cent. 

The melting point of this substance was quite sharp and the 
appearance of the crystals did not vary, so that it seems that only 
one of the two possible nitroamines was actually obtained. The 
base dissolves in concentrated hydrochloric acid, but a pale yellow 
hydrochloride soon separates in prisms. On the addition of water 
the salt is decomposed and the orange base precipitated, and on 
the further addition of a solution of sodium nitrite a clear yellow 
solution of a diazonium salt is produced. The latter gives with 
excess of sodium acetate and /3-naphthol a scarlet azo-compound 
dissolving in sulphuric acid to an intense blue solution, which 
becomes crimson on the addition of water. 


1:2 -M ethyl e} ledi o xyphenan t hraph e) im ine, 
. CH 2 0 N ,, T x 

'_/\/A/? 4 


o 


\/\^\ 

N 


o 6 h 4 


4-Bromo-5:6-dinitrocatechol methylene ether (4 grams) and tin 
(5 grams) were mixed with a solution of stannous chloride (10 
grams) in concentrated hydrochloric acid (15 c.c.) and acetic acid 
(10 c.c.), and shaken in a bottle at the ordinary temperature until 
the solid nitre-compound had disappeared. The solution was 
diluted and the tin eliminated as sulphide, and, after boiling the 
filtered liquid, excess of sodium acetate and then a solution of 
phenanthraquin-one (3 grams) in hot aqueous sodium hydrogen 
sulphite was added. The. mixture -was boiled during three minutes, 
and the yellow precipitate was collected, washed with boiling 
water, and dried. It was then dissolved in boiling acetic acid and 
the solution distilled until crystallisation commenced; the material 
so obtained had a bronze lustre in mass, but under the microscope 
was seen to consist of transparent, yellow, elongated, rectangular 
prisms. For analysis, the substance was recrystallised from 
toluene and obtained as a copper-bronze powder consisting of leaf- 
shaped crystals. It melts at 307—309° and is very sparingly 
soluble in most organic solvents: 

0*1282 gave 0*3648 C0 2 and 0*0448 H 2 0. C = 77*6; 11 = 3*9. 

C 21 H 12 0 2 lSr 2 requires C = 77*7; IT = 3*7 per cent. ■ 

The substance dissolves in sulphuric acid to a rose-red solution, 
but is especially characterised by the intense green fluorescence 
exhibited by its yellow solutions, in neutral organic solvents. The 
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isomeric 2:3-methylenedioxyphenanthraphenaziiie gives very pal© 
yellow solutions which, exhibit violet fluorescence. 


i-Bromo-1:2-dimethoxy'ph enanthraphenminc } 
OMe N fi TT 

>/\/%/T° 4 


MeOr 


Bu N 


U C H 4 


4-Bromo-o: 6~dinitroveratrole was treated exactly as described 
for the methylenedioxy-derivative in the last section, but the pre¬ 
cipitated phenazine was in this case crystallised from xylene. 
Bright yellow clusters of needles melting at 206—208° were 
obtained, and the same sub stance, was produced by the brominatioii 
of 1:2-diniethoxyphenanthraphena"zih^ in . acetic acid solution and 
suspension: 

0*1083 gave 0*0493 AgBr. Br = 19*4. 

C 22 H 15 0 2 N 2 Br requires Br = 19*l per cent. ” __ w 

The solution in sulphuric acid is reddish-purple, and in benzene 
or alcohol yellow with weak green fluorescence. 


1:2 :4- Trimethoxyplienanthraphenetnne } 
oH 4 

A 

The nitre-aniline (0*5 gram), obtained as described above by the 
reduction of 5 :6-dinitro-l: 2:4-trimethoxybenzene, was dissolved in 
hot alcohol (10 c.a), mixed with concentrated hydrochloric acid 
(3 c.c.), and zinc dust added until the solution was quite colour¬ 
less. After diluting with water, the filtered liquid wast saturated 
with sodium acetate and mixed with absolution of plienanthra- 
quinone (1 gram) in aqueous sodium hy drogen sulphite. The 
mixture was boiled during five minutes, arid the precipitated phen¬ 
azine derivative was then collected and crystallised from alcohol, 
from, which it separated in bright yellow,, felted needles melt in v 
at 186°: / 6 

0*0992 gave 0*2729 C0 2 and 0*0449 Idio. C = 75*0; H«5*0. 

requires C = 74*6; /l = 4*9 per cent. 

The substance is sparingly soluble and. its dilute solutions do 
not exhibit visible fluorescence. The solution in sulphuric acid 
is magenta, and becomes brownish-green oii dilution with water. 


OMe NT 


MfeO l // h // \' / 


\/\^\/< 
OMe N 0 
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Dinitropyrogallol trimethyl ether (Will, Ber. } 1888, 21, 612) 
was converted into a phenanthraphenazine derivative by reduction 
with zinc and hydrochloric acid in alcoholic solution, followed by 
condensation with phenanthraquinone, dissolved in sodium 
hydrogen sulphite solution, in the presence of excess of sodium 
acetate. The substance was crystallised from acetone and 
obtained in pale yellow needles melting at 180°: 

01133 gave 0*3110 C0 2 and 0*0487 H 2 0. C = 74*8; H = 4*8. 

C 23 H 18 0 3 N 2 requires C = 74*6; 11=4*9 per cent. 

The solution in sulphuric acid is intense reddish-purple, and 
on the addition of water becomes reddish-brown. Much water 
precipitates a red substance, and the solution becomes colourless. 
Dilute solutions in benzene or alcohol are non-fLuorescent. The 
substance is quite distinct from the 1:2:4-trimethoxyphenanthra- 
phenazine described above. 

University of Sydney. [Beceived, September 4th t 1917.] 


LXX VIII .—The Scission of Certain Substituted Cyclic 
Catechol Ethers . 

By Gertrude Maud Bobinson and Robert Robinson. 

It was observed (G. M. Robinson, this vol., p. 113) that, on 
attempting to produce an azoxy-derivative from 4-nitrocatechol 
methylene ether (4-nitromethyleiiedioxy benzene) (I) by the action 
of sodium methoxide in methyl-alcoholic solution, the sole product 
was a nitrophenol, although the corresponding reaction with nitro- 
veratrole proceeds smoothly in the normal manner. On further 
investigation, the nitrophenol was readily identified as 5-nitro- 
guaiacol (II), and the process appeared at first sight to be one of 
reduction. However, an alternative view suggested itself, namely, 
that the methoxy-group was derived from the methyl alcohol used 
as solvent, and this was proved to be the' case, since, when ethyl 
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alcohol was used, a quantitative yield of 5-nitro-2-ethoxyphenol 
(III) was obtained. 




ho/NnOo 

MeO' 


HodbNOo 


EtO: 


(!■) 


(II.) 


(III.) 


The mechanism of the reaction is therefore to he represented in 
the following manner: 


P>CH, + ROlS T a 

\/ U 


NO/NoH 

V° B 


+ CHjjO + JSTaOH. 


Blanksma ( Ghtrn . Weelcblad , 1909, 6, 313) has demonstrated 
the reversible interchange of alkyloxyl groups in nitre-, and 
especially dinitro-, phenol ethers, and, for example, 2:4-dinitro- 
anisole is changed in ethyl-alcoholic solution in the presence of 
traces of alkali into 2:4-dinitrophenetole; but in the majority of 
instances inononitrophenol ethers are unchanged under these con¬ 
ditions. In the case of nitrocatechol methylene ether, the greater 
reactivity may be due to the influence of the oxygen atom in the 
meta-position with respect to the nitro-group on the distribution 
of affinity, and this is confirmed by the observation that we find it 
impossible to realise a similar reaction in the case of nitroethylene- 
dioxyhenzene (XV), in which substance the oxygen atom is one 
'■•-atom further removed from the point of attack. Cardwell and 
Bd bins on (T., 1915, 107, 255) showed that 5-nitroguaiacol is 
obtained by the hydrolysis of nitroveratrole with liydrobrornic 
acid, ancNiJiat its acetyl derivative results when acetylguaiacol is 
nitrated. SnN.il arly, the hydrolysis of nitrocatechol diethyl ether 
with hydrobroiui^acid is now found to yield 5-mtro-2-eUioxy» 
phenol, and the benzoyKcJe r ivative (V) of this substance is obtained 
by the nitration of 2-bengo^^y — r*’ 

NO, 

CH 2 -0 f / \N0 2 BzO/NhO, CH 2 -0/\nd o 
cR 2 -od/ , Eiuqp CH./oqpNo; 

(IV). (V.) (VI.) 

In order to examine the scission of the ethylenedioxy-ring, we 
submitted 4:5:6-trinitroethyleneclioxybenzene (VI) to the action 
of ammonia. It was quickly changed to- a mixture of 3:5-dinitro- 
2:d-diamino-jS-hydroxyethoxybenzene (VII) and 4:5-dinitro-6- 
aminoethylenedioxybenzene (VIII). 1 The benzoyl derivative, (IX) 
of the former substance'exists in two highly characteristic chrome- 
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isomeric modifications, which are described in the experimental 
portion on p. 938. 


NO, 

nb/'\jh, 

H0-CH 2 -CH 2 -0l^pN0" 

(VII.) 


NH, 

ch 2 -o/\no 2 

ch 2 -cxJno 2 

(vni.) 

no 2 

nHo/Anh, 

Ez0-CH 2 -0H 2 -dl^pN0 2 

(IX). 


The substance VII is rapidly and quantitatively hydrolysed by 
hot aqueous alkali hydroxides, with the production of two mole¬ 
cules of ammonia and the phenol X, which was transformed into 
the well-known dinitrodiaminoanisole (XI), as shown below. 


no 

H0-GH a -CH 2 -0 


no 2 

NO, 



( /X j OH 

HO/NOH 

Mg 2 S0 4 


q^No 2 


K 2 COn 


(X.) 





no 2 


no 2 


Meo/boMe 

nh 3 

nh 5 /Nnh 2 


MeCqpNO, 


MeOl^NO, 




(XI.) 


Ill view of the close analogy which exists between the hydroxyl 
of the carboxyl group and the hydroxyl of op-dinifcrophenols, it is 
interesting to note that the substance X shows no tendency to 
form an internal anhydride. It would be fair to conclude from 
this that lactone-formation in some way involves the whole carb¬ 
oxyl group, and not merely the acidic hydroxyl of that group. In 
the nitrophenols it is the whole conjugated system extending from 
the nitre-group to the hydroxyl that corresponds with the carbonyl 
in the acids, and the steric conditions favourable to lactone- 
formation are accordingly not .necessarily present in the dinitro- 
phenol (X). 

The constitution of the dinitroamine VIII was proved by 
eliminating the amino-group, when 4:5-dinitroethylenedioxy- 
benzene was obtained. The nitro-groups in positions 4 and 5 in 
trinitroveratrole have previously been shown to be displaceable 
under certain conditions, but this is the first example of the dis¬ 
placement of the 6-nitro-group in a trinitrocatechol ether. We 
are inclined to assign the result to the unexplained influence “which' 
a fused ring has on the a-positiou in rendering atoms and groups 

VOX * CXI. o o 
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attached at this point more liable to substitution and displace¬ 
ment. Naphthalene, for example, yields a-nitronaplithalene on 
nitration, and the reactivity of groups in the 1-, 4-, 5-, or 8-posi¬ 
tions in substituted anthraquiiiones may also be cited. 

Experimental. 

Preparation of 4 -Nitrocatechol Methylene Ether. 

Sal way has shown (T., 1908, 95, 1163) that the nitration of 
piperonal yields nitrocatechol methylene ether in addition to 
nitropiperonal, and when the former substance is the object of 
preparation, the nitroalclehyde may be converted, as described in 
the foregoing communication, into 5-nitro-4-aminocatechol 
methylene ether (compare p. 915), from which the amino-group 
nxay be eliminated in the usual manner. 5-Nitro-4-aminocatechol 
methylene ether (9 grams) was mixed with alcohol (150 c.c.), 
sulphuric acid (15 c.c.), and powdered sodium nitrite (5 grams), 
and the solution boiled during five minutes, after which a further 
quantity of sodium nitrite (4 grams) was added and the heating 
continued for five minutes longer. The crystalline precipitate 
obtained after the addition of water was collected and dried, and 
weighed 8 grams. After crystallisation from alcohol the substance 
melted at 147°, and at the same temperature, when mixed with a 
specimen of 4-mtrocatechol methylene ether obtained by the nitra¬ 
tion of piperonal. 

Formation- of 5-Nitrof/uaiacol by the Interaction of Nitrocatechol 
Methylene Ether and Sodium Meth oxide. 

Nitrocatechol methylene ether (T1 grains) was heated on the 
steam-bath with a solution of sodium methoxide (from 3 grams of 
sodium and 40 grams of methyl alcohol) until the red sodium salt 
of the nitrophenol crystallised from the solution. This requires 
from one to* three minutes. After cooling, the salt was separated, 
washed with ether, dissolved in water, and the solution acidified 
with hydrochloric acid. The yellow precipitate was collected 
(TO gram when dry) and recrystallised from water, when it was 
obtained in needles melting at 105°, and at the same temperature 
when mixed with 5-nitroguaiacol. 

5 -Nitro-2-ethoxy phenol (111). 

An almost quantitative yield of this substance was produced 
when nitrocatechol methylene ether was treated in ethyl-alcoholic 
solution with sodium ethoxide under precisely the same conditions 
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as are described above for the corresponding reaction with, sodium 
methoxide. In this case no salt separated from the solution, but 
the reaction was as rapid as in the former example. The sub¬ 
stance is more sparingly soluble in water and alcohols than is 
5-nitroguaiacol, and separates from methyl alcohol containing a 
little water in pale yellow, well-defined prisms melting at 
113—114°: 

0*1478 gave 0*2854 CO a and 0*0671 H a O. C = 52*7; II = 5*0. 

0 8 H 9 0 4 N requires C=52*5; H = 4*9 per cent. 

The substance dissolves in sodium carbonate solution, and the 
orange-red colour produced can scarcely be distinguished from 
that of a similar, solution of 5-nitroguaiacol. In view of the fact 
that 4-nitroguaiacol dissolves in sodium carbonate to a yellow 
solution, this behaviour indicates the constitution of the sub¬ 
stance, and the matter is placed beyond doubt by the preparation 
of 5-nitro-2-ethoxyphenol by the two following methods, which in 
the corresponding methoxy-series lead to 5-nitroguaiacol. 

(it) 2-Ethoxyphenol was benzoylated by an application of the 
Schotten-Baumann reaction, and the dry benzoyl derivative dis¬ 
solved in an excess of cold nitric acid (D 1*42). Undue rise of 
temperature was checked, and, after ten minutes, the clear solu¬ 
tion was added to water and the precipitated oil induced to solidify 
by the usual methods. The solid was collected and crystallised 
from methyl alcohol, when it was obtained in felted masses 
of slender, colourless needles melting at 101—102°: 

0*1108 gave 4*7 c.c. N a at 18° and 762 mm. N = 5*0. 

C 16 H 13 0 5 N requires 1ST = 4 * 9 per cent. 

5 -Nitro-2-etJioayyphenyl benzoate, was dissolved in boiling ethyl 
alcohol and hydrolysed by the addition of a solution of three times 
its weight of potassium hydroxide dissolved in water. After heat¬ 
ing on the steam-bath during three minutes, it was found that a 
sample was completely soluble in water. Excess of alcohol was 
removed, the residue dissolved in water, just acidified with hydro¬ 
chloric acid, and then treated with sufficient aqueous sodium 
carbonate to restore- a faint orange colour to the liquid. Under 
these conditions, the benzoic acid remained in solution and the 
nitrophenol was precipitated. It was collected, crystallised from 
aqueous methyl alcohol, and melted at 112—114°, and at the same 
temperature when mixed with some of the substance prepared 
from nitrocatechol methylene ether. 

(B) 4-Nitrocatechol diethyl ether * (20 grams) was heated on 

* 4: 5 -Dinitrocatechol diethyl ether , C I0 H 3 .,OgN^, does not appear to have 
been previously prepared. It was obtained in quantitative yield by 
dissolving the mononitro-derivative in nitric acid (D I'42). In about half an 

o o 2 
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the steam-bath during three hours with a saturated solution (80 
grams) of hydrobromic acid in acetic acid. After the addition of 
water, the solution was rendered .alkaline by the addition of 
sodium hydroxide, and the unchanged substance removed by filtra¬ 
tion (3 grams). The filtrate was acidified and the precipitated 
mixture of nitrophenols collected (14 grams). After several 
crystallisations from aqueous methyl alcohol, 8 grams of pure 
o-nitro-2-efhoxyphenol melting at 112—114° were obtained. The 
melting point was not depressed by admixture with a specimen of 
the substance obtained by the method (fi ) described above. The 
alcoholic mother liquors were added to the aqueous solution from 
which the crude phenol was separated, and the whole was extracted 
with ether. The recovered mixed nitrophenols were converted 
into benzoyl derivatives by treatment with benzoyl chloride and 
sodium hydroxide in aqueous solution, and the mixture of the 
benzoates was then fractionally crystallised from methyl alcohol. 
The most sparingly soluble substance crystallised in slender needles, 
and was recrystallised from acetic acid. It melted at 156°, and 
was identified as the dibenzoyl derivative of nitrocatechol. The 
substance was also obtained in the following manner: o-Phenylene 
benzoate (13 grams) was added to cold nitric acid (50 c.c., D 1*42), 
when the benzoate became an oil which was well mixed with the 
acid. After remaining overnight, the nitration was completed and 

hour the dinitro-derivative began to separate from the solution, which was 
gently warmed to ensure the completion of the reaction. Water was added 
and the solid collected and crystallised from alcohol, from which it separated 
in characteristic citron-yellow, micaceous flakes melting at 113° and rather 
sparingly soluble in alcohol. It is quantitatively converted by nitric acid in 
sulphuric acid solution to the 4:5: 6-trinitroeatechol diethyl cither which 
Blanksma (JRec. trav. cMm., 1905, 24, 40) has obtained by the nliration of 
4 : G-dmitrocateehol diethyl ether. The substance melted at 122“ and was 
converted by alcoholic ammonia into 3 : 5-dinitro~2 : 4 - diamino'phcn dole , 
crystallising from nitrobenzene in haematite-like plates molting at 257° 
(Nietzki; Annalen, 1882, 215, 153, and Blanksma, loc. eit. 9 give 245°). 

0-4951 distilled with 10 per cent, aqueous potassium hydroxide evolved 
NH a , which neutralised 40-8 c.c. JY/10-HC1, whereas this amount of a substance, 
C s H 1() G 5 N 4 , yielding 2NH 3 requires 4Q-9 c.c. 

4; 5-Dimtrocatechol diethyl ether dissolved in hot aqueous alcoholic 
hydrochloric acid was reduced by the addition of zinc dust. The colourless 
solution was mixed with sodium acetate and filtered. The filtrate was then 
heated with a solution of phenanthraquinone in hot sodium hydrogen 
sulphite solution and a voluminous pale yellow precipitate of the phenazine 
derivative was quickly formed. The substance was collected and crystallised 
from xylene. 2 : 3 -Diethoxyphenanthraphenazine, C 24 H 20 O 2 N 2 , crystallises in 
pal© flesh-coloured needles which change on keeping "in "contact with the 
solvent into rectangular plates melting at 230°. It dissolves in sulphuric 
acid to a bright magenta solution, yellow on dilution with water, and in 
benzene to a pale yellow solution which exhibits intense violet fluorescence. 
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Hie derivative had solidified. Water was added, and the substance 
collected and crystallised from acetic acid and acetone. The sub¬ 
stance melted at 156°, and at the same temperature when mixed 
with the product obtained as above; 

0*2091 gave 6*4 c.c. N 2 at 17° and 756 mm. N = 3*6. 

C 2 . 0 H ]3 O g N requires N = 3*9 per cent. 

After the separation of the relatively small quantity of the 
dibenzoate, a substance crystallised in colourless prisms which is 
undoubtedly the benzoyl derivative of &-nitro-2~ethoxyphenol. It 
could not he obtained in a pure condition, and always melted over 
a considerable range of temperature. A few crystals wer« 
mechanically separated, and it was noted that on hydrolysis a 
nitrophenol was obtained which gave a pure yellow solution in 
aqueous alkali, whereas nitrocatechol gives a blood-red and 
5-nitro-2-ethoxyphenol an orange-red solution. From the mother 
liquors, considerable quantities of the benzoyl derivative of 5-nitro- 
2-etlioxyphenol melting at 101° were obtained. 


4:5: b-Tririitroethylenedioxybenzene (VI). 

The ethylene ether of nitrocatechol is less readily nitrated than 
the corresponding dimethyl or diethyl ethers, and it was found 
desirable to operate under the following conditions, which are more 
convenient than those employed by Ghosh (T. } 1915, 107, 1591) 
for the same purpose : 

4-Nitroethylenedioxybenzene (10 grams) was dissolved in nitric 
acid (100 grams, D 1*5), and, after remaining overnight at the 
ordinary temperature, water was added and the precipitate 
collected and crystallised from alcohol. The substance was 
obtained in prismatic needles melting at 132—133°, and was 
occasionally also obtained in leaflets melting at the same tempera¬ 
ture. It separated from acetic acid in plates. The substance is 
readily reduced to a diamine which gives a red coloration with 
ferric chloride and condenses with phenanthra quin one to the 
sparingly soluble 2 :3 -ethylenedioxyphenanthraqihcnazme, 

Gq^H 14G0H2.J 

which crystallises from acetic acid in clusters of slender, yellow 
needles melting at 239—240°. The colour reaction in sulphuric 
acid and the fluorescence in benzene are indistinguishable from 
those exhibited by 2 ; 3-dimethoxyphenanthraphenazine. 

4 :5-Dinitroethylenedioxybenzene (22 grams) was finely powdered 
and dissolved as far as possible in sulphuric acid (100 c.c.), and 
gradually nitrated by the addition, with cooling, of nitric acid 
(20 c.c., D 1*5) in sulphuric acid (20 c.c.). The dinitro-compound 
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passed into solution and the trinitro-derivative crystallised out. 
The mixture was poured into water, and the colourless solid col¬ 
lected and crystallised from alcohol. The substance was sparingly 
soluble, and separated in laminae melting at 155—156°, as stated 
by Ghosh (Joe. tit.). From concentrated solutions it was obtained 
in prismatic needles: 

0*1169 gave 0*1509 C0 3 and 0*0141 EUO. C = 35*2; H = T4. 

CgH^QgNg requires C —35*4; H — 1*8 per cent. 

Each stag© in the nitration of ethylenedioxybenzene proceeds in 
a quantitative manner. 


3 :5 -Diiiifro-2 :4,-ctiamino-fi-hydro.rt/e.f ho,r?/benzene (VII). 

This substance is obtained by the action of ammonia on trinitro- 
ethylenedioxybenzene, but when the reaction was carried out in 
ethyl-alcoholic solution it was found that the percentage of carbon 
obtained on analysis was consistently about 1 per cent, too high, 
and the amount of ammonia obtained on hydrolysis with aqueous 
potassium hydroxide was also greater than the theoretical. This 
indicated that a diamino-derivative of similar constitution and 
properties, but of smaller molecular weight, contaminated the pro- 
duct, and eventually proof was obtained that the impurity was 
dinitrodiaminophenetole. The production of this substance clearly 
showed that the trinitroethylenedioxybenzene, under the influence 
of the alcoholic ammonia, was converted in part into trinitro- 
eateehol diethyl ether, and accordingly the use of alcohol as a 
solvent was avoided. The following conditions were ultimately 
adopted; Trinitroethylenedioxybenzene (12 grams) was dissolved 
in pyridine (50 grams) and heated on the steam-bath under reflux 
with aqueous ammonia (50 c.c., 1) 0*880). In a short time the 
product of the reaction separated in red needles, and a further 
quantity of ammonia solution (50 c.c.) was then added and the 
heating continued for half an hour. After cooling and adding 
water, the orange-red solid was collected, and when dry weighed 
9*5 grams. This material is a mixture containing about 75 per 
cent, of dinitrodiaminohydroxyethoxybenzene and about 25 per 
cent, of a dinitroaminoethylenedioxybenzene. The two sub¬ 
stances may be approximately separated by crystallisation from 
xylene, in which the former is the more sparingly soluble. The 
further purification of the second crop of crystals is described 
below, but the intense red crystals which separate first can be 
obtained in a pur© condition by two' recrystallisations from nitro¬ 
benzene. It is perhaps better to extract the crude product with 
hot xylene insufficient to dissolve the whole, and then to crystal- 
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]ise the residue from nitrobenzene. The substance occurs in deep 
red needles melting at 240°: 

0*1543 gave 0*2127 C0. 2 and 0*0583 H 2 0. C = 37*6; H=4*2. 

0*0978 „ 18*2 c.c. N 2 at 24° and 750 mm. X=21T. 

C 8 H 10 O 6 N 4 requires C = 37*2; H = 3*9; N = 21*7 per cent. 

0*3977 distilled with 50 c.c. of 10 per cent, aqueous potassium 
hydroxide evolved MH 3 , which neutralised 31*0 c.c. A/10-HC1, 
whereas this amount of a substance, C g Ii 1(J 0 6 N 4 , yielding 2NII S , 
requires 30*8 c.c. 

This substance resembles in its behaviour the similarly consti¬ 
tuted dinitrodiaminophenetole. It is quite devoid of basic 
character and is very sparingly soluble in organic solvents. When 
its solution in sulphuric acid is treated with sodium nitrite, a 
reaction of unexplained character occurs, and on the addition of 
water there is produced a transient, intense purple coloration. 
This quickly disappears, and the yellow solution contains traces 
of some diazo-salt, as indicated by coupling with c; R-salt,” but 
the major part of the substance has undergone decomposition. 

3 : b-Dinitro-2 : k-diainino-R-benzoyloxyethoxyhenzene (IX). 

It was noticed that the amino-groups of dinitrodiaminoanisole 
and the corresponding phenetole derivative cannot be benzoylated 
by the action of pyridine and benzoyl chloride on these substances. 
Recourse was therefore had to this reaction in order to prove the 
presence of a hydroxyl group in the substance described in the 
last section. The dinitrodiaminohydroxyethoxybenzene (4 grams) 
was dissolved in pyridine (30 c.c.) and benzoyl chloride (15 c.c.). 
A certain amount of heat was developed, and, when the reaction 
had subsided, ether was added and the red precipitate collected 
and washed with water. It was dried in the air and then crystal¬ 
lised from ethyl acetate, in which it is sparingly soluble : 

0*1526 gave 0*2800 C0. 2 and 0*0560 BUO. C = 50*0; II =4*1. 

C 15 Hj 4 0 7 N 4 requires C = 49*7; H = 3’9 per cent. 

0*3827 distilled with aqueous potassium hydroxide evolved NH 3 , 
which neutralised 2T5 c.c. Nj 10-HC1, whereas this amount of a 
substance, C 15 H h 0 7 N 4 , yielding 2NH 3 , requires 21*2 c.c. 

On acidifying the alkaline solution from this experiment, 
benzoic acid and 3 : 5-dinitro-2 ; 4-dihydroxy~j8-hydroxyethoxy- 
benzene (X) were obtained as a crystalline precipitate. The* latter 
substance was identified after removal of the benzoic acid by 
repeated evaporations of the solution in water. 

This benzoyl derivative is dimorphous and occurs in two distinct* 
ehromoisomeric modifications. Both forms melt at 180—181° 
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alone or mixed. The crimson form crystallises readily from most 
solvents, and may be easily obtained by crystallisation from xylene 
or by the addition of ether, alcohol, or light petroleum to a solu¬ 
tion of the substance in pyridine. It occurs in crimson plates 
with parallel edges. The orange-yellow modification is character¬ 
ised by its sparing solubility in ethyl acetate, and is the first to 
crystallise from this solvent. It is obtained by heating* the red 
form or a mixture of the two to near the melting point, and then 
extracting the material with ethyl acetate. It crystallises from 
this solvent in needles. The change from red to yellow on heating 
also occurs slowly at temperatures above 100°, but nothing in the 
nature of a transition point could be determined. Recrystallisa¬ 
tion of either form from nitrobenzene resulted in crimson leaflets 
containing solvent of crystallisation. 


3 :6 -Dinitro-2 ; 4,-dihydro%y-$-hydro®yethoxybenzone (X). 

This substance was readily obtained by boiling dinitrodiamino- 
jS-hydroxyethoxybenzene with a 10 per cent, solution of potassium 
hydroxide until all the ammonia was evolved. The reaction was 
complete in a few minutes, and the orange solution was acidified 
with hydrochloric acid. Bronze-yellow needles separated on cool¬ 
ing, and the substance was purified by recrystallisation from dilute 
hydrochloric acid. It is readily soluble in water or alcohol, less 
readily so in dilute hydrochloric acid, and it has powerful dyeing 
properties. The substance forms well-defined, brittle needles 
which darken at 160° and melt and decompose at 170°: 

0*1379 gave 0*1884 CO. and 0*0395 H s O. 0 = 37*3; H = 3*2. 
€ s H 8 0 8 N 2 requires C = 36*9; 11 = 3*1 per cent. 

This compound shows no tendency to change by loss of wafer to 
a lactone-like ethylenedioxy-derivative. Its constitution was proved 
in the following manner: The glycol residue was removed by boil¬ 
ing .several hours with an excess of concentrated hydrobromie acid, 
and the resulting phenol converted into its trimethyl ether by 
means of methyl sulphate and potassium carbonate in boiling nitro¬ 
benzene solution. This substance was then heated at 100° in a 
sealed tube with concentrated aqueous ammonia, and the resulting 
red precipitate crystallised from nitrobenzene. The red plates 
were identified as consisting of 3 :5-dinitro-2:4-diaminoanisole, and 
melted at 255°, and at the same temperature when mixed with a 
specimen of the substance obtained from trinitroveratrole. 
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4 :5 -TJi nitro-Q-a mi n oethyl enedioxy b enzei i e (VIII). 

This by-product of the preparation of dinitrodiaminohydroxy- 
ethoxybenzen© from trinitroetliylenedioxybenzene is separated in 
an impure form by extracting the crude product with xylene as 
already described* It may be freed from its congener by taking 
advantage of the ready attack of the latter by warm aqueous 
potassium hydroxide. The crude crystals obtained from xylene 
were carefully warmed with a 5 per cent, solution of potassium 
hydroxide until the precipitate had a pure yellow colour. The 
substance was then collected, washed with water, and several times 
crystallised from ethyl acetate, from which it separated in orange- 
yellow, rhombic prisms melting at 202°: 

0-1133 gave 0T676 C0 2 and 0*0340 H 2 0. C = 40*2; H = 3*3. 

C 8 H 7 G g N 3 requires 0—39*8; H — 2*9 per cent. 

The substance is sparingly soluble in most solvents and has weak 
basic character. On boiling with aqueous potassium hydroxide, it 
is slowly attacked, yielding a cherry-red solution. The base is 
diazotisable in dilute hydrochloric acid suspension, and the 
diazonium salt couples with j3-naphthol to a crimson azo-compound* 
When trinitroetliylenedioxybenzene is reduced in alcoholic hydro¬ 
chloric acid with zinc dust, a colourless solution is obtained which 
gives an intense green coloration with ferric chloride. The sub¬ 
stance now under consideration shows the same behaviour. On 
boiling with alcoholic sulphuric acid and powdered sodium nitrite, 
the amino-group was easily removed, and, after the addition of 
water, pearly leaflets separated and were collected. The substance 
was recrystallised from alcohol, and melted at 132—133° alone or 
mixed with a specimen of 4:5-dinitroethylenedioxybenzene. Since 
the constitution of the latter substance is known by inference only, 
the material obtained from the above experiment was hydrolysed 
by heating with concentrated aqueous hydrobromic acid, and the 
dinitrocatechol so obtained methylated in the usual manner and 
the product identified with 4:5-dinitroveratrole. 

A cetyl Derivative .—The dinitroamine could be recrystallised 
from acetic anhydride, but on the addition of a trace of sulphuric 
acid the amino-group was acetyl at ed, and the derivative was col¬ 
lected after decomposition of the excess of acetic anhydride by 
means of dilute hydrochloric acid. The substance was recrystal¬ 
lised from alcohol, in which it is sparingly soluble, and obtained 
in hexagonal prisms melting at 257°. The substance appears 
colourless when first prepared, but the compact crystals have a 
pale yellow colour. 

o o* 
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The similarly constituted 4:5-dinitro-3-acefcylaminoveratrole lias 
recently been prepared by Gibson, Simonsen, and Ran (tills vol., 
p. 78), wlio find that it dissolves in aqueous potassium hydroxide 
to a yellow solution which on acidification gives a precipitate of 
the unchanged substance. This ethylene ether -shows the same 
characteristic behaviour. 

University gjf Liverpool. [Received, September 4th, 1917.] 


LXXIX.—5 -Bromoguaiacol and some Derivatives . 

By Ellen Margaret Hindmarsh, Isabel Knight, and 
Robert Robinson. 


In the course of the investigation described in the preceding com¬ 
munication it was found that 5-nitroguaiacol yielded on bromina- 
tion an ortho- and not, as would have been anticipated, a para- 
bromophenol, and it was therefore desired to prepare other 
guaiacol derivatives substituted in the '5-position in order to 
examine their behaviour on bromination. 

Cardwell and Robinson (T., 1915, 107, 255) have already shown 
that the methoxy-group of acetylguaiacol has a far greater 
orientating effect than the acetoxy-group, and accordingly the 
bromination of acyl derivatives of guaiacol leads to the correspond¬ 
ing derivatives of 5-bromoguaiacol (I). This phenol behaves 
.normally on further bromination and yields 4:5-clibromo- 
guaiacol (II). 


Meo/b Me0/ \,Br 

HOy^/Br HOpyBi- 

(I.) (II.) 


MeC>/\NO s ! 

MeodbN 0 - 

HOppBr : 

H 2 NypNBl ' 2 

NO, 

NO, 

(III.) 

(IV.) 


A mononitro-derivative of the bromoguaiacol could not be 
isolated, and the constitution of the substance is indicated by the 
fact that the reaction with nitric acid leads to bromodinitro- 
guaiacol (III), and proved by the conversion of the methyl ether 
of the latter by alcoholic ammonia into 3:5-dinitro-2:4-cliamino- 
anisole (IV). The methyl ether of III has a curiously lethargic 
bromine atom, and the action of methyl-alcoholic potassium hydr¬ 
oxide on the substance results in the production of a mixture of 
potassium bromide with more potassium nitrite and of a mixture 
of nitrophenol ethers. 
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Experimental. 

5 -Bromog ua iacol (I). 

The acetyl or carbonyl derivative described below (30 grams) 
was dissolved in alcohol (100 c.c.), mixed with sodium hydroxide 
(50 grams), dissolved in a little water, and the liquid boiled under 
reflux during thirty minutes. The major part of the alcohol was 
removed by distillation, the residue acidified with hydrochloric 
acid, and the phenol, dissolved in ether, was finally purified by 
distillation in a vacuum. The fraction boiling at 150°/20 ram. 
constituted nearly the whole of the product, and solidified on cool¬ 
ing. The substance is readily soluble in most organic solvents, 
but may be crystallised from light petroleum, and is obtained in 
colourless prisms often of considerable size, melting at 65°: 

O'llOT gave 0'1016 AgBr. Br~39*l. 

C 7 H 7 0oBr requires Br = 39'4 per cent. 

This phenol is soluble in aqueous sodium carbonate solution, and 
gives a bluish-green coloration with ferric chloride in alcoholic 
solution. Its constitution follows from the conversion of the 
methyl ether of its dinitro-derivative into- a known dinitrodiamino- 
anisole, 

A cetyl Derivative (p*Brom o-2-methoxyphenyl /I cetate ),— 
2-Methoxyphenyl acetate was readily brominated in chloroform 
solution by the addition of a molecular proportion of bromine dis¬ 
solved in the same solvent. The solution was washed with water, 
dried with calcium chloride, and distilled, finally in a vacuum. A 
large fraction boiled at 164—165°/22 mm., and solidified com¬ 
pletely on cooling; considerable further quantities of this fraction 
may be obtained by redistillation of the mixed fractions of lower 
and higher boiling point. The substance is readily soluble in 
alcohol or similar organic solvents, and crystallises from light 
petroleum in leaflets melting at 62—63°: 

0“1439 gave 0T053 AgBr. Br=32*6. 

C 0 H 0 O 3 Br requires Br — 32*7 per cent. 

b~Bro m o-2-m e t ho xyph e nyl (Jar b omit, e .—T his d erivative was 
obtained by the addition of bromine (25 grams) dissolved in 
chloroform (50 c.c.) to a solution of 2-m ethoxy phenyl carbonate 
(20 grams) (so-called guaiaeol carbonate) in chloroform (50 c.c.) 
The bromination occurred with extreme rapidity, and the producl 
of the reaction separated in crystals. It was collected and re¬ 
crystallised from chloroform, and obtained in colourless needles 
melting at 179—180°, This sparingly soluble substance is dis¬ 
tinguished by a remarkable power of crystallisation; 



942 


HINDMABSH, KNIGHT, AND BOBINSON : 


0*1246 gave 0*1031 AgBr. Br = 36‘9. 

C 15 H 12 0 5 Br 2 requires Br=37*G per cent. 

Since ‘guaiacol carbonate" is a commercial product and the 
yield of the bromo-derivative is approximately theoretical, it is 
better to prepare 5-bromoguaiacol through the carbonate than 
through the acetate. 


4 :5 -Dibromo guaiacol (II). 

5-Bromoguaiacol dissolved in a little cold acetic acid was gradu¬ 
ally treated with a molecular proportion of bromine dissolved in 
the same solvent. A certain amount of the product crystallised 
from the solution, and the remainder was precipitated on the 
addition of water. The solid was collected and crystallised from 
aqueous methyl alcohol, and obtained in slender, colourless needles 
melting at 95°: 

0*1184 gave 0*1565 AgBr. Br = 56*2. 

C 7 H 0 O 2 Br 2 requires Br = 56’7 per cent. 

The substance * is freely soluble in an aqueous solution of 
sodium carbonate, and its alcoholic solution becomes intense ivy- 
green on the addition of ferric chloride. On methylation with 
methyl sulphate and potassium hydroxide in the usual manner, 
4:5-dibromoveratrole was obtained. The substance was identical 
with the product of the direct bromination of veratrole, but the 
melting point of 92° was obtained after one crystallisation from 
alcohol, whereas the substance as usually prepared requires many 
crystallisations to enable it to reach an equal degree of purity, and 
is evidently contaminated by an isomeride. 


5~BromoA: Minitrogaaiacol (III). 

After several unsatisfactory trials, the following method was 
found to result in a high yield of product. 

Nitric acid (2*5 c.c., D 1*42) mixed with an equal volume of 
acetic acid was added drop by drop to a solution of 5-bromo- 
guaiacol (2 grams) in carbon tetrachloride (15 c.c.). The mixture 
was vigorously shaken during the addition of the acid and the 
dinitro-derivative separated from the solution, and, after the addi¬ 
tion of water, was collected and crystallised from aqueous alcohol. 

* This compound is possibly identical with the dibromoguaiaeol (in. p. 
94—95°) which Cousin {Ann, Chirn. Phys 1903, [vii], 29, 63) obtained by the 
direct bromination of guaiacol in chloroform solution, although a priori it 
would have been anticipated that the bromination of the substance would 
result in 4:6-dibromoguaiacol. 
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The well-defined, rhombic prisms melt and decompose at 
182—184°: 

0T372 gave 0*0874 AgBr. Br — 27*1. 

C 7 H 5 0 G N 2 Br requires Br = 27*3 per cent. 

This substance is almost colourless, but dissolves in water and 
alcohol to bright yellow solutions. Its sodium salt is somewhat 
sparingly soluble, and crystallises from water in orange-yellow 
needles. 


5-BronioA: 6-dinitroveratrole , 


Meo/bNO, 

MeOl iBr ’ 

N0 2 


Like most dinit-rophenols, the foregoing substance cannot be 
methylated in aqueous or alcoholic solution, and the following 
method was adopted with excellent results. 

Bromodinitroguaiacol (15 grams) mixed with potassium 
carbonate (50 grams), nitrobenzene (75 c.c.), and methyl sulphate 
(30 grams) was heated in an oil-bath at the boiling point of the 
solvent during thirty minutes. The nitrobenzene was removed by 
distillation in a current of steam, and the residual oil easily 
solidified on cooling. The solid was collected and crystallised 
from methyl alcohol, and obtained in colourless needles melting at 
102—103°: 

0*1266 gave 0*0780 AgBr. Br = 26*2. 

C 8 H 7 0 6 N 2 Br requires Br —26*1 per cent. 

In view of the reactivity of trinitroveratrole towards ammonia 
and amines, it is surprising that this substance reacts sluggishly 
even with boiling aqueous-alcoholic ammonia, a reagent which 
rapidly and quantitatively attacks the trinitrocompound, with 
formation of dinitrodiaminoanisole. When, however, the bromo- 
derivative was heated in a sealed tube at 100° during seven days 
with a large excess of a mixture of one volume of methyl alcohol 
with two volumes of concentrated aqueous ammonia, a slow con¬ 
version into the characteristic red crystals of dinitrodiamino¬ 
anisole was observed. The product was collected and washed with 
boiling alcohol in order to remove unchanged material, and then 
crystallised from nitrobenzene. The fiat prisms, haematite-red 
with blue shimmer, melted at 255°, and were identified with 
3 :5-dinitro-2 :4-diaminoanisole * (Nietzki and Kurtenacker, Ber., 

* This substance is readily accessible from trinitroveratrole (Blanksma, 
loc. cit.), and serves to illustrate the effect of catalysts in the process of 
acetylation. It may be crystallised unchanged from acetic anhydride, and 
the solution in the hot solvent is intensely coloured. On the addition of 
a^trace of sulphuric acid, the colour disappears and the colourless acetyl 
derivative crystallises from the solution. 
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1892, 25, 282, who give m. p. 250°, and Blanksma, Proe. K. A had. 
Wetensch. Amsterdam^ 1904, 7, 462, who gives in. p. 247°). 


3 : b-Dinitro-2 :4 -dimethylarni n oa tnsole, 


NO, 

NHMeANHMe 
MeO!^ ^NOj 


It was thought that the action of amines on the bromodinitro- 
veratrole might he more rapid than was the corresponding reac¬ 
tion with ammonia, but this was not markedly the case. The 
action of methyl amine was similar to that of ammonia, and an 
identical process was employed. The meihylamino-derivative w T as 
crystallised from alcohol, and obtained in clusters of slender, 
brownish-red needles melting at 158—159°; 

0*1214 gave 0*1893 C0 2 and 0*0533 ILO. C = 42'5; II = 4*9. 

C 9 H 12 0 5 N 4 requires C = 42*2; H =4*7 per cent. 

This substance is more readily obtained from trinitroveratrole 
(5 grams) which was dissolved in hot ethyl alcohol (80 c.c.) and 
v mixed with an aqueous solution of methylamine (20 c.c. of 33 per 
cellt-). After allowing to remain during an hour, the solution was 
boilecKunder reflux for two hours, then cooled, and the separated 
crystals v ^ere collected and crystallised from alcohol. The sub¬ 
stance so prepared was identified with the product obtained from 

bromonitroveratrole: 

0*8523 distilled Avith 10 per cent, aqueous potassium hydroxide 
evolved NH 2 Me, which neutralised 0*2431 HOI, whereas this 
amount of a substance, C 9 H 12 O r> N 4 , yielding 2NH 2 Me, requires 
0*2430 IICl. 

The action of aniline in boiling alcoholic solution on bromo- 
dinitroveratrole resulted in the production of an orange-red sub¬ 
stance, which it was thought should 1)6 identical with the diphenyl- 
amine derivative, which is obtained from aniline and trinitro¬ 
veratrole, This, however, was not the case, and the substance 
from the bromodinitroveratrole crystallised in red needles which 
darkened at 245° and did not contain bromine. 

Dinitroanilinov eratrole , 

NHPh N0 2 

Meo/Nero* or MbO/NnO, • 

MeOW^NOj MeO^NHPh 

Aniline (5 c.c.) was added to a solution of trinitroveratrole 
(3 grams) in boiling methyl alcohol (60 c.c.), and the liquid then 
allowed to cool. It was then again raised to the boiling point 
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and the process twice repeated. The red crystals which separated 
did not redissolve when the solution was heated. The brilliant 
red needles were collected and crystallised from alcohol, and 
obtained in needles mixed with a small proportion of compact 
prisms. The prisms were picked out, and appeared to consist of 
an isomeride of the main product of the reaction; they have not 
yet been obtained in sufficient amount for satisfactory examina¬ 
tion. The needles were recrystallised from acetic acid and then 
from alcohol, and melted at 199°: 

01183 gave Q-2302 C0 2 and 0*0451 HXt C = 53‘l; H = 4*2. 

C u H ls O 0 lSr 3 requires C = 52'7; H = 4*Q pier cent. 

The substance is very sparingly soluble in most solvents. It is 
evidently to some extent of acidic character, since it yields a red 
solution with alcoholic potassium hydroxide and may be recovered 
unchanged on acidification. The solution in nitric acid soon 
deposits crystals of a higher nitrated derivative which is extremely 
sparingly soluble and crystallises from much acetic acid in orange- 
yellow prisms melting and decomposing at 221°. That this sub¬ 
stance is not the expected 2 :6-dinitro-3 :4-dim ethoxy diphenyl- 
amine is rendered highly probable by the following considerations: 

(1) Ammonia and methylamine displace a nitro-group and also 
a methoxyl when these bases react with triuitroveratrole. 
Aniline, on the other hand, displaces only the nitroxyl group, and 
the 2:4-dinitrophenyl ether structure is therefore not contained 
in the product. The failure of aniline to attack a methoxyl group 
of triuitroveratrole is not due to lack of reactivity of the base, 
since dinitroanilinoveratrole is also resistant to the action of 
ammonia. 

(2) Dinitroanilinoveratrole is comparatively stable towards hot 
aqueous potassium hydroxide. 

(3) The substance is not obtained from bromodinitroveratrole 
by the action of aniline. 

(4) The existence of two nitro-groups in the ortho-position is 
indicated by the following experiment: Dinitroanilinoveratrole 
was reduced in alcoholic hydrochloric acid solution by zinc dust, 
and the colourless, filtered solution added to a solution of phen- 
anfchraquinone in hot acetic acid containing sodium acetate. 
A condensation product was quickly formed, and crystallised from 
the solution in crimson needles. The substance was collected and 
crystallised from acetic acid, and then from ethyl acetate, and 
obtained in flat needles melting at 222—225°. It is doubtful 
whether the colour of the substance, which might be described as 
intermediate between mauve and crimson,, is or is not due to 
impurity. The substance is unchanged by boiling- dilute hydro- 
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chloric acid, and appears to be a true phenanfchraphenazine. It 
dissolves in sulphuric acid to a red solution, quickly changing to 
brownish-red. 

Din itro-ip-t oluicli noveratrol e . 

This derivative, prepared by replacing the aniline in the above 
by p-toluidine, crystallised from alcohol in deep red prisms melt¬ 
ing at 163°: 

0-1302 gave 0*2571 OCX and 0*0542 BUG. C = 53*9; H=4*6. 

C 15 Hj 5 0 ( jN 8 requires C = 54*0; H = 4*5 per cent. 

This substance is sparingly soluble, but less so than the aniline 
derivative. 

University of Sydney. [ Received , September 4 - th , 1017.] 


LXXX .—The Action of Halogens on Piperonal 

By Annie Mary Bleakly Orr, Robert Robinson, and 
Margaret Mary 'Williams. 

The displaement of groups by nitroxyl, accompanying the nitra¬ 
tion of phenol ethers, lias frequently been observed, but it does 
not appear to have been recorded that a similar reaction occurs 
in the chlorination or bromination of certain of these substances. 
In the preparation of bromopiperpnal in acetic acid solution, the 
yield of product is not satisfactory, and this caused us to suspect 
that a certain proportion of the formyl group is displaced, by the 
halogen, which we found on investigation to be the case. In a 
neutral solvent, such as carbon disulphide or carbon, tetrachloride, 
the yields of bromopiperonal and of 6-chloropiperonaI (I) are 
excellent, and by-products are reduced to a minimum, but, in 
acetic acid solution, the bromination of piperonal produces a 
certain amount of 4; 5-dibromocatechol methylene ether (this vol., 
p. 913), and the chlorination of the aldehyde yields 4:5-dichloro- 
catechol methylene ether (II) in addition to chloropiperonal and 
substances of undetermined nature which are decomposed* by 
aqueous sodium carbonate, and probably owe their formation to 
attack of the methylene ether group by the halogen. Dichloro- 
eatechol methylene ether was also obtained by the action of 
chlorine on a sodium carbonate solution of piperonylic acid or of 
6-chloropiperonylic acid (III) obtained by the oxidation of 
chloropiperonal. 4~Chloro-5-bromocatechol methylene ether (IV) 
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was obtained by the action of bromine on an aqueous sodium 
carbonate solution of chloropiperonylic acid, but not, except in 
traces, from chlorine and bromopiperonylic acid under similar 
conditions. The behaviour of chloropiperonal on nitration 
resembles that of bromopiperonal, and 4-cMoro5-mtrocatechol 
methylene ether (V) and 4-chloro-5:6-dinitrocatechol methylene 
ether (YI) were successively obtained. The latter on reduction 
furnishes a chlorodiamine, which was isolated as a phenanthra- 
pheuazine derivative. 


CH <r 0 i / ^ CH0 

OH ^Yb 01 
ch 2<-o! n Jci 

CH 

^ xkJci 

(I-) 

(IX.") 

an.) 



no 2 

OH .<o0af 

OH 

aH 2^oq / ici 

oh ><20c° ! 

(IV.) 

(V.) 

(VI.) 


Experimental. 

Bromination of Piperonal in Acetic Acid Solution. 

Piperonal (100 grams) dissolved in acetic acid (200 c.c.) was 
gradually treated with bromine (40 c.c.) dissolved in acetic acid 
(100 c.c.), any rise of temperature being checked by cooling. 
After remaining overnight, the crystals were separated by filtra¬ 
tion, and found to be pure 6-bromopiperonal (37*8 grains). The 
filtrate was mixed with water, and the solid collected and heated 
with an aqueous solution of sodium hydrogen sulphite until no 
further aldehyde passed into solution. The substance was then 
dissolved in ether and the ethereal solution extracted with 
repeated quantities of aqueous sodium hydrogen sulphite. The 
bromopiperonal was recovered from the hydrogen sulphite extract 
by the addition of sodium carbonate, and after crystallisation from 
methyl alcohol weighed 62 grams. The ethereal solution was 
washed with sodium carbonate and with water, dried, and 
evaporated, and the crystalline residue weighed 14*8 grams. It 
was crystallised from alcohol and identified as 4:5-dibromocatechol 
methylene ether, melting at 86 °. The substance from this source 
persistently crystallised in needles, whereas it had formerly been 
obtained in leaflets, but the melting point of a mixture was 86°. 
The formation of the dibrorao-derivative must be due, in the first 
place, to that of the monobromo-compound, in its turn obtained 
by a direct displacement of the formyl radicle by bromine. This 
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follows from the observation that bromopiperonal is stable to 
bromine in acetic acid solution. A specimen was found to be 
unchanged after the attempted reaction had been prolonged 
during a week. 

6-ChlorO'piperoncd (I). 

A stream of chlorine was passed into a solution of piper on al 
(25 grams) in acetic acid (50 c.c.) until the product of the reac¬ 
tion commenced to crystallise. This required about, four hours. 
Water was added, and the solid collected and dissolved in ether. 
The ethereal solution was washed with aqueous sodium carbonate 
and then with sodium hydrogen sulphite solution until a test por¬ 
tion gave no milkiness on the addition of sodium carbonate. The 
ethereal solution was dried and evaporated, and the residue (3*4 
grams) was identified as 4:5-dichlorocatechol methylene ether. 
The hydrogen sulphite solutions were treated with excess of sodium 
carbonate, and the precipitated crystalline substance was collected 
and crystallised from aqueous alcohol, when 17T grams were 
obtained. The substance was further purified by crystallisation 
from methyl alcohol, from which it separated in long, colourless 
needles melting at 115°: 

0*1294 gave 0*1019 AgCL Cl = l&*3. 

0*2010 in 16*06 C 6 H e gave A* = 0*347. M.W. = 180. 

C 8 H 6 O s C 1 requires Cl = 19*0 per cent. M.W. = 184. 

Q-Ghloro-Z : 4-m e,thyleitedioxyxiyryl methyl ketone (%-chloro- 
pi perotn/lide mace tone ), C 11 Hr ) 0 ;i Cl, is obtained by the addition of 
dilute aqueous potassium hydroxide to a solution of the aldehyde 
in three times its weight of acetone. After an hour, water was 
added, and the nearly colourless precipitate collected and crystal¬ 
lised from alcohol. The pale yellow needles melted sharply at 
158° and dissolved in sulphuric acid to a reddish-yellow solution, 
and the substance was recovered unchanged on the addition of 
water. In chloroform solution, bromine was rapidly absorbed, 
but the dibromide was oily. 

Di-§-chloromethylenedioxyitti/ri/l ketone , C 10 II w O 5 Cl 2 , is obtained 
by the condensation of the aldehyde with the above described sub¬ 
stance or by heating the chloropiperonal in alcoholic solution with 
acetone and concentrated potassium hydroxide. It is very 
sparingly soluble and its formation is a matter of seconds. The 
substance was washed with hot alcohol and crystallised from acetic 
acid. The felted, citron-yellow needles melted and decomposed 
at 265°, and dissolved in sulphuric acid to an intense blue solution 
which became purple and then yellow on the addition of water, 

$~OkloropiperonyUc acid , C 8 H 5 0 4 C1, was produced on oxidising 
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the aldehyde in benzene solution by stirring with a 2 per cent, solu¬ 
tion of potassium permanganate. The reaction proceeds slowly, and 
when the benzene gave no residue on evaporation the excess of 
permanganate was destroyed and the acid obtained by acidification 
of the filtered aqueous solution. It was precipitated as a caseous 
solid, which was collected and crystallised from acetic acid. 

The colourless needles melted at 202°, and the substance is very 
sparingly soluble in water. It gives a pale yellow solution in 
sulphuric acid, which becomes olive-green on gently heating, 
whereas piperonylic acid under these conditions gives an intense 
red solution, which may be due to a condensation in the ortho¬ 
position. 


4:5 -Dichlorocatechol Methylene Ether (II). 

This substance may be obtained, as already mentioned, by the 
chlorination of piperonal, and in this case it seems that it may be 
obtained by the further action of chlorine on chloropiperonal, 
although the reaction is not smooth. It is also obtained by pass¬ 
ing chlorine into a solution of piperonylic acid which is always 
kept alkaline by the addition of aqueous sodium carbonate. 
Finally, the same substance was prepared by chlorinating catechol 
methylene ether in acetic acid solution. It crystallises from 
alcohol in slender, colourless needles melting at 82°: 

0*1218 gave 0*1866 AgCl. Cl = 37*5. 

C 7 H 4 0 2 C1 2 requires Cl = 37*2 per cent. 

The substance is sparingly soluble in sulphuric acid, and the 
solution is colourless, but becomes reddish-yellow on the addition 
of a trace of nitric acid. The reaction is therefore not so charac¬ 
teristic as that of the corresponding dibromo-derivative, which 
gives a rhodamine-red solution under these conditions. The con¬ 
stitution of the derivative follows from its production from chloro- 
piperonylic acid, which must have the orientation of chloro¬ 
piperonal, and therefore of chloronitrocateehol methylene ether, 
which, as shown below, must be a 4:5-derivative. 


^HiloroS-bromocatechol Methylene Ether (IY). 

This substance could not be obtained by the chlorination of 
bromopiperonal in acetic acid solution, and only in traces, as the 
result of application of a large excess of reagent, by the action 
of chlorine on an alkaline solution of bromopiperonylic acid. It 
was obtained in small amount by the bromination of chloro¬ 
piperonal and comparatively readily by the action of bromine on 
an alkaline solution of chloropiperonylic acid. It was found that 
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the best conditions were to add the bromine water and aqueous 
sodium carbonate alternately to a dilute solution of the sodium 
salt of the acid, and the completion of the reaction was judged by 
the amount of the precipitate formed. This was collected and 
crystallised from methyl alcohol, from which it separated in flat, 
satiny needles melting at 78°. 

0*1305 gave 0*1829 AgCl plus AgBr, whereas this amount of a 
substance, C 7 H 4 0 2 ClBr, requires 0*1838 of the mixed salts. 

The reaction of this substance in sulphuric acid on the addition 
of a trace of nitric acid was intermediate between' that exhibited 
by the dichloro- and clibromo-derivatives. The reddish-brown 
solution appeared carmine in thin layers. A mixture of about 
ten parts of the diclilorocatechol methylene ether with one part 
of the dibromo-cornpound gave a solution almost identical in 
appearance with that from the chlorobromo-derivative. 


Application of the Cannizzaro Reaction to Riper anal. 

The formation of piperonylic acid and of homopiperonyl alcohol 
by the action of sodium hydroxide on piperonal does not appear 
to have been described, and as we required piperonylic acid and 
the alcohol was being employed in another investigation, we made 
some experiments on the conditions of the reaction and adopted 
the following procedure. A solution of sodium hydroxide (200 
grams) in water (200 c.c.) was cooled to 1 40° and added to piperonal 
(100 grams), contained in a bottle capable of withstanding changes 
of temperature, and the mixture vigorously shaken. Alcohol 
(50 c.c.) was then added, and caused an almost immediate reac¬ 
tion and rapid rise of temperature. The bottle was vigorously 
shaken and the pressure released from time to time. Soon the 
temperature fell, and the mixture was then allowed to remain 
overnight. It was then mixed with sufficient wafer to dissolve 
the sodium piperonylate and extracted with benzene. The 
aqueous solution gave 53 grams of piperonylic acid on acidification, 
and from the benzene 1*8 grams of piperonal were recovered by 
washing with sodium hydrogen sulphite solution, and after drying 
the extract and removing the solvent, 32*5 grams of homopiperonyl 
alcohol remained in a pure condition. It readily crystallised and 
could be employed in most experiments in this condition. The 
substance may be recrystallised from light petroleum, and occurs 
in slender, colourless needles melting, at 58°. Fittig and Remsen 
{Arznalen, 1871, 159, 138) give the melting point as 51°, but 
their product was purified by distillation. 
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4,-Ghloro-h-mtrocaiechol Methylene Ether (V). 

6-CMoropiperonal was dissolved in nitric acid (D 1*4), and after 
half an hour the mixture was added to- water and the solid col¬ 
lected and crystallised from alcohol, in which the substance is 
rather readily soluble. The nearly colourless needles melted at 
70° and became yellow by the action of light: 

0-1231 gave 0*0867 AgCl. Cl =-17*2. 

C 7 H 4 0 4 NC1 requires Cl = 17'4 per cent. 

This substance was also obtained from 5-nitro4-aminocatechol 
methylene ether by diazotisation of the latter in hydrochloric 
acid and treatment with copper powder. This connects the sub¬ 
stances described in the present communication with the series of 
4 :5-disubstituied catechol derivatives. On reduction, the sub¬ 
stance yields a crystalline amino-derivative, which can he cliaso- 
tised and contains chlorine. 


&~Ghloro-5 ift-dinitrocatcchol Methylene Ether (VI). 

The foregoing substance was dissolved in nitric acid (D 1*52), 
and a rather vigorous reaction, ensued which had to be moderated 
by cooling. On the addition of water, a precipitate was obtained 
which was collected and crystallised from alcohol. The sparingly 
soluble yellow needles melted at 138—141°: 

0*1162 gave 0*0670 AgCl. Cl = 14*l. 

0 7 H 3 0 fl N 3 Cl requires 01 = 14*2 per cent. 

This substance becomes orange-yellow on exposure to light. 


4z~QJiloro-\ : 2-methylenedioxyphenun tJiraphenazin e, 


oh 2 *o n 

o-/VV 


\/\A\ 

Cl N 


1h 4 


The dinitro--derivative, just described, was reduced in alcoholic 
aqueous hydrochloric acid solution by the addition of zinc dust, 
and the filtered solution, mixed with excess of sodium acetate, was 
heated during two or three minutes with a solution of phenan- 
thraquiuone in aqueous sodium hydrogen sulphite. The 
brownish-yellow precipitate was collected and dried and crystal¬ 
lised from xylene. Glistening, ochre-orange needles separated 
which melted and decomposed at 298—300°; 
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0*1079 gave 0*0422 AgCl. Cl-9*6. 

C S1 H 11 0 2 N 2 C1 requires Cl —9*8 per cent. 

Tlie substance dissolves in sulphuric acid to a purple solution, 
and in neutral solvents to yellow solutions which exhibit intense 
green fluorescence. 

University or Sydney. [Received September 4 th, 1917.] 


LXXXI.— Veratricsulph inide. 

By Janet Forrest McGillivray Brown and Robert Robinson. 

Baker and Smith (“A Research on the Pines of Australia,” 
Sydney, 1910, p. 397) have shown that the Tluon Pine ’ of Tas¬ 
mania (Dacrydmm FranMini) furnishes a leaf and a timber oil 
which consists chiefly of eugenyl methyl ether (I), and although 
very considerable quantities of the substance could be rendered 
available from this source, there exists no outlet for the utilisa¬ 
tion of the compound. In considering this matter, it appeared 
that veratricsulphinide (XI), possibly a non-toxic sweetening 
agent, might be readily prepared from the ether, and we there¬ 
fore proceeded to investigate this derivative of “ saccharin/'’ which 
it was found could readily be obtained by the oxidation of homo- 
veratrole-6-sulplionamide (III) by means of an alkaline solution of 
potassium permanganate. 


MeodhcHVCH :CH, 

MeO^y 

(I.) 


MeO 

MeO 


/\ C 0 

ijSJ> Na 


(no 


MeO/bcH 3 

Me0qyS0 2 -NH 2 

(III.) 


gh 2 <; 


\/\ 


C( : NH)\ /n 

I lo > CH 2 


(IV.) 


Veratricsulphinide was found to have no sweet taste. Although 
veratrole and homoveratrole react smoothly with chlorosulphonic 
acid and yield the corresponding sulphonyl chlorides in the cold 
and in quantitative • amount, a number of veratrole derivatives 
behave in a somewhat abnormal manner, Eugenyl methyl ether 
and safrol© are converted into halogen-free neutral substances 
which are apparently sulphonie lactones. The compound from 
eugenyl methyl ether crystallises from alcohol in leaflets melting 
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ai 145°, and the investigation is being continued. Chlorosulphonic 
acid converted the nitrile of piperonylic acid into a dimeride, to 
which we ascribe the constitution IV. 

Experimental. 

V eratrole-i.~ml f phomjl Chloride. 

This substance has been prepared by Paul (Ber., 1906, 39, 2773) 
from veratrole-4-sulphonates. The following direct process is con¬ 
venient and the yield is quantitative. A solution of chloro¬ 
sulphonic acid (40 grams) in chloroform (120 grams) was gradu¬ 
ally added to veratrole (20 grams), when a vigorous reaction 
occurred. After allowing to remain during an hour, water was 
added and the chloroform solution dried and evaporated. The 
solid residue was sufficiently pure for most experiments, but a 
portion was crystallised from a mixture of benzene and light 
petroleum, and the colourless needles melted at 71°. 

The sulphonamide was also prepared, and melted at 136° after 
crystallisation from alcohol. 


5-Nitroveratrole-^-ml/phonyl Chloride , 

MeO/NNO. 

MeOl JsOjOl • 

Nitric acid (75 c.c., D 1'42) was added with cooling to vera- 
trolesulphonyl chloride (30 grams), and after an hour the mixture 
was poured into water and the nitre-derivative collected and 
crystallised from acetic acid. The pale yellow needles melted at 
128°: 

0*1223 gave 0*0613 AgCL 01 = 12*3. 

C 8 H 8 0 ( ;NCis requires Cl = 12*5 per cent. 

When this substance (10 grams) was boiled with potassium 
hydroxide (10 grams) in water (100 c.c.) during a minute and a 
half, it dissolved to an orange diquid, which became yellow on 
neutralisation with hydrochloric acid. On cooling, potassium 
nitroveratrolesulphonate separated almost completely as a bright 
yellow, crystalline powder. This, was washed with a little water 
and dried at 100°: 

0*1355 gave 0*1006 BaS0 4 . S = 10*4. 

0*1635 „ 0*0468 K 2 S0 4 . K = 12*8* 

C s H 8 0 7 NSK requires S = 10*6; K = 13*0 percent. 

On boiling with nitric acid, this salt was converted into 4:5- 
dinitroveratrole, which is a proof that the constitution assigned to 
the nitroveratrolesulphonyl chloride is correct* 
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5- NiiroveratroleA-sulphonamide crystallised from alcohol in pale 
yellow needles melting at 132°. 

Aminov eratr ole A-buI phonic A rid , 

Me0/NNH s . 

MeO'^pSOgH 

Considerable quantities of this acid were required for some synthe¬ 
tical experiments, and the following procedure was adopted after 
a number of trials. The. yield was 78 per cent, of that demanded 
by theory, and, indeed, the whole preparation of the substance 
from veratrole is a simple operation involving but small loss of 
material. It was found best to carry out the reduction on the 
scale described. Hydrochloric acid (25 c.c.) was added to a mix¬ 
ture of potassium nitroveratrolesulphonate (5 grams) and crystal¬ 
lised stannous chloride (15 grams). Heat was developed, the 
nitrosulphonat© passed into solution, and the aminosulphonic acid 
crystallised. Hot water (50 c.c.) was added and the mixture 
allowed to cool, after which the solid was collected and recrystal¬ 
lised by solution in hot aqueous sodium carbonate and reprecipita¬ 
tion by hydrochloric acid. The substance is sparingly soluble, even 
in hot water, and crystallises in small, hard, colourless prisms, 
which were dried at 120° without suffering change in appearance: 

0*1338 gave 0*1319 BaSG 4 . S=13*5. 

C s H tl 0 5 NS requires & = 13‘7 per cent. 

0*1709 neutralised 0*0290 NaOH, whereas this amount of a 
monobasic acid, C 8 H n 0 5 NS, requires 0*0293 NaOH. 

Like other derivatives of veratrylamine, this substance develops 
an intense blue coloration with ferric chloride in aqueous solution. 
On addition of hydrochloric acid to a fairly concentrated solution 
of the aminosulphonic acid in potassium carbonate to which 
rather more than a molecular proportion of sodium nitrite had 
been added, the diazonium derivative is readily produced and 
separates in colourless crystals. This compound is doubtless of the 
type of diazobenzenesulphonic acid, and is relatively stable. It 
couples with 0-naphthol to a crimson azo-compound, and retains 
this power even after boiling its aqueous solution for a short time. 
On adding potassium iodide to an aqueous suspension of the 
diazo-derivative, nitrogen was evolved, and the potassium salt of 
an iodosulphonic acid crystallised from the solution. When pure 
nitroveratrolesulphonyl chloride was employed in the preparation 
of the amino-acid, the substance described was the sole product 
isolated, but, on the other hand, when the crude product was 
utilised without purification, then the acid mother liquor, from 
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which the 5 -ami n over air ol e-4~s ul pho n i c acid Lad been separated, 
slowly deposited long needles on keeping in the ice-chest. The 
substance is very probably %-amimveratroleA-mlphonic acid , and 
its formation is a proof of the presence of a small proportion of 
an isomeride in the product of the nitration of veratrolesulphonyl 
chloride. After recrystallisation from water, colourless needles 
containing solvent of crystallisation were obtained, and the 
analytical results were rather unsatisfactory until the material 
was dried at 120°: 

0*1310 gave 0*1299 BaS0 4 . 8 = 13*6. 

C R H n 0 5 N8 requires S = 13*7 per cent. 

This substance was produced in such small amount that a com¬ 
plete examination was impossible, but it was found to be dis¬ 
tinguished from its isomeride by its greater solubility in water 
and by crystallising in needles instead of prisms. With ferric 
chloride it gives an orange coloration in aqueous solution. The 
substance appears to be oxidised by nitrous acid, but with the aid 
of /3-naplithol sufficient evidence of the presence of a primary 
amino-group was obtained. 


ffomovemtrole-$~sidphona‘inide (III). 

Homover at role (60 grams) was converted into the corresponding 
sulphonyl chloride by the action of chlorosxxl phonic acid exactly 
as described above for the preparation of vertatrolesulphony 1 
chloride, but in this case the product was an oil which could not 
be crystallised. The substance was therefore converted into the 
sulphonamide by mixing with aqueous ammonia (250 c.c., D 0*88), 
when a vigorous reaction ensued and a colourless, crystalline sub- 
stance was produced. This was collected, washed with water, and 
recrystallised from alcohol, and the yield obtained was 80 per 
cent, of that theoretically possible. The substance crystallised 
from alcohol in prismatic needles and from ethyl acetate in com¬ 
pact prisms melting at 191°: 

0*1147 gave 0*1959 C0 2 and 0*0584 EUO. 0 = 46*6; H = 5*7. 
0*1215 „ 0*1228 BaS0 4 . 8 = 13*9. 

C 9 H 13 0 4 NS requires 0 = 46*7; H = 5*6; 8=13*9 per cent. 

This substance is far more sparingly soluble than veratrole- 
sulphonamide, and advantage might possibly be taken of this in 
order to estimate the percentage of guaiacol in specimens of 
creosol. 
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VenitricS-sul'phinide, il Di m et h arymcc ItarttD’ (II). 

Horn over atrolesulphonamide (25 grams) dissolved in a solution 
of potassium hydroxide (10 grams) in water (500 c.c.) was oxidised 
at 30° by the gradual addition of potassium permanganate (70 
grams) dissolved in hot water (850 c.c,). 'When all the perman¬ 
ganate was reduced, the filtered solution was , cooled and saturated 
with carbon dioxide, when a small quantity of unchanged sulphon- 
amide was recovered. The liquid was evaporated until crystals 
began to separate from the hot solution, which was then allowed 
to cool. The solid was collected, and found to consist of a 
potassium salt, which was accordingly dissolved in water and the 
solution acidified with hydrochloric acid. The colourless precipi¬ 
tate was collected and crystallised from much acetic acid. The 
substance was extremely sparingly soluble in most organic solvents 
and also in water. It dissolved, however, in boiling water to some 
extent, and separated on cooling in fern-like aggregates of 
needles: 

0*1096 gave 0*1773 CO s and 0*0375 H»0. C=44T; H = 3*8. 

0*1338 „ 0*1270 BaS0 4 . S = 13*Q. “ 

C 0 H 0 O b NS requires C = 44*4; H = 3*7; S = 13*2 per cent. 

The melting point of this compound is not sharp, as it com¬ 
mences to soften at 275° and is completely fused at 290°. 

It is entirely devoid of sweet taste, and is, on the contrary, 
slightly acid and bitter. Its acidic properties are well marked, as 
it readily dissolved in cold aqueous sodium carbonate and even 
in warm sodium acetate solution. The sodium salt crystallises 
from water in glistening needles and has no sweet taste. The sub¬ 
stance is very stable towards alkali, and even on fusion with 
potassium hydroxide there is little sign of decomposition. How¬ 
ever, the methoxy-groups are so hydrolysed, since, on dissolving 
the fusion in water, acidifying, and extracting with ether, the 
extract can be shown to contain a catechol derivative by the usual 
test, although the intense bluish-green with ferric chloride and 
the Bordeaux-red obtained on the addition of sodium carbonate 
are far more characteristic than is the case with catechol itself. 

1$-Methyl Derivative. —This substance is readily obtained by 
warming and shaking a solution of the sulphinide in aqueous 
sodium carbonate with methyl sulphate. It separates from the 
alkaline solution in colourless crystals and may be recrystallised 
from alcohol, in which it is sparingly soluble. In appearance it 
resembles the mother substance and crystallises in fronds, which 
are aggregates of needles melting at 227°; 
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01209 gave 01106 BaS0 4 . S = 12*6. 

C ]0 H r jO r ,NS requires S = 12*5 per cent. 

The substance is insoluble in cold dilute aqueous potassium 
hydroxide, but on boiling gradually passes into solution as the 
result of hydrolysis. On acidification there is no precipitate in 
the cold, but on boiling the solution, separation of iY-m ethyl- 
veratricsulphinide occurs. The substance was collected, and 
melted at 227°. 


2:3:6: 7 -Ditncthylenetetrcioxyanthraquinonedi-imide (IY). 

The direct sulphoehlorination of derivatives of veratric and 
piperonylic acids was investigated in the hope of discovering a 
convenient approach to the substituted a saccharins/* but the 
results were usually negative. The action of chlorosulphonic acid 
on the nitrile of piperonylic acid resulted, however, in the forma¬ 
tion of an anthraquinone derivative of a new type. 

The nitrile (5 grams) 'was dissolved in chloroform (15 c.c.) and 
chlorosulphonic acid (7 grams) gradually added. The liquid 
became dark red, heat was developed, and, after the initial reac¬ 
tion had subsided, the mixture was heated on the steam-bath 
during one minute. It was then cooled and mixed with acetic 
acid, when an orange-red substance separated, which was collected 
and washed with ether. This substance appeared to be a salt, and 
was warmed with a solution of sodium acetate and so changed to 
a nearly colourless, flocculent precipitate, which w*as collected, 
washed with water, and dried, and then crystallised from nitro¬ 
benzene and again several times from xylene. The clumps of 
colourless, microscopic needles melted at 261°: 

0-1208 gave 0*2891 C0 3 and 0*0377 H 2 0. C=65*3; H = 3*5. 

0*1300 „ 10*7 c.c. N 2 at 20° and 765 mm. N = 9*6. 

C Jfi H 10 O 4 N 2 requires C = 65*3; 11 = 3*4; N = 9*5 per cent. 

The compound is very sparingly soluble and dissolves in 
sulphuric acid to a rich crimson solution, which becomes yellow on 
the addition of water. The solution resembles in colour-tone those 
which are obtained from methoxyanthraquinones and sulphuric 
acid, and on this account, and in view of the results of analysis, the 
constitution suggested appears probable. Nevertheless, only a 
mere trace of anthracene was obtained by boiling with hydriodic 
acid followed by distillation of the washed product over zinc dust 
in a stream of hydrogen. The amount obtained from 2 grams 
enabled us to recognise anthraquinone, obtained on oxidation, by 
the oxanthranol reaction. The substance appears to be remark¬ 
ably resistant to hydrolysis and is unchanged by boiling hydro- 
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chloric add. Should opportunity offer, the properties of this sub¬ 
stance and some analogous compounds, which have been prepared, 
will be further investigated. 

University op Sydney. [Received, September 4-th, 1017.] 


LXXX1I .—Researches on Pseudo-bases. Part IIP Note 
on some Berber ine Derivatives and Re-marks on 
the Mechanism of the Condensation Reactions of 
Pseudo-bases. 


By Gertrude Maud Robinson and Robert Robinson. 


The analogy between berberine and cotarnine was spectro- 
chemically demonstrated by Tinkler (T. 7 1911, 99, 1340), and in 
view of the fact that the former base contains an unreduced 
isoquinoline nucleus, it became of interest to examine its behaviour 
in connexion with the formation of condensation products 
analogous to the numerous anhydrocotarnine derivatives. 
Anhydroberberineacetone (I) • (^-B-CH 2 *COMe) is the only sub¬ 
stance of this type which has been investigated. It was prepared 
by Gaze (Zeit. Haturuiss. Halle, 1890, 62, 399), and its analogy 
to anhydrocotarnineacetone was pointed out by Gadamer (Arch. 
Pharm ., 1905, 243, 42) and confirmed by the examination of the 
substance which was made by Pyman (T., 1911, 99, 1694). 
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* Part I (T., 1914,105, 1456) contains the following errata on page 1458 ; 
for ^nUro.pipero7iylhydrocotamine read &-nitropipero7ioylhydrocQfarnine and 
for a nh yd roco ta rn ine- 6 - n itroveratrole and 6 -nitroveratrolc read anhydro- 
cotarnine-§-nitrohomoveratrole and Q-nitrohomoveratrole respectively. 
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It "was found in small-scale experiments that berberine condensed 
readily with alcohols, amides, such as carbamide, phthalimide, 
2-methylindole, acetophenone, 1-hydrindone, cyclohexanone, nitro- 
methane, 2 : 4-dinitrotoluene, 2:4: 6-trinitrotoluene, diethyl 
malonate, ethyl acetoacetate, ethyl phenylacetate, phenylaceto- 
nitrile, and indene. Berberinol (compare Tinkler, loc. cit.) was 
dissolved in alcohol, and, after the addition of one of the com¬ 
pounds mentioned, the mixture was gently warmed. As a rule, a 
sparingly soluble substance separated, often in a viscid condition, 
but crystallisable after treatment, usually by washing with 
alcohol, and the derivatives were lemon-yellow with the exception 
of the nitro-compounds, which were orange or red. All the sub¬ 
stances were resolved into their components by acids, and anhydro- 
berberine derivatives are therefore much less stable than the corre¬ 
sponding substances obtained from cotarnine or hydrastinine. 
Circumstances forced the authors to- abandon the detailed examina¬ 
tion of these substances at a time when the work had not pro¬ 
ceeded far and was quite incomplete, but it nevertheless now 
seems desirable to record the results of the investigation. Cyano- 
dxhydroberberine (?/kB-CN), methoxydihydroberberine (^-B-OMe), 
anhydroberberineacetophenone (i/'-B-CHyCOPh), and anhydro- 
berberinenitr©methane (^-B-CBvN0 2 ) are described in the experi¬ 
mental portion of the paper. 

The Mechanism of Pseudo-base Condensation. 

The fact that berberine resembles cotarnine in its reactions 
emphasises the probability that the reactive modification is in 
each case the quaternary ammonium hydroxide form, since 
berberine has an even greater tendency than cotarnine to assume 
this unsaturated condition. The formation of anhydroberberine- 
acetone was found to occur in dilute alcoholic solution under con¬ 
ditions not favourable to the existence of berberinol, and a 
hitherto unrecorded observation on the condensation of cotarnine 
with intro methane may also bo cited. A dilute aqueous acetic 
acid solution of cotarnine was mixed with nitromethane, and on 
the addition of sodium acetate the condensation product was 
formed, slowly in the cold, rapidly on heating the mixture, and 
the substance was identified with anhydrocotarninenitromethane 
(Hope and Robinson, T., 1911, 99, 2119). In this acid solution 
the presence of the carbinol form of cotarnine is extremely improb¬ 
able. At the same time, condensation products are obtained 
from cotarnine and berberine under conditions which do not 
favour electrolytic dissociation of an ammonium hydroxide. Thus 
the presence of an excess of sodium hydroxide does not appear' to 
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inhibit the reactions. A representation of the mechanism of the 
Knoevenagel reaction, based on the assumption of a reaction 
between ions, was suggested by Lap worth (Hope and Robinson, 
loc. cit 2117), and was a great advance on the ideas existing at 
that time, especially as it facilitated the collation of data derived 
from such separate investigations as those of Knoevenagel on the 
use of amines, particularly secondary amines, as catalysts in con¬ 
densations, of Bobbie, Lauder, and Tinkler on the spectrochemistry 
of pseudo-bases, and of numerous workers on the chemistry of 
these substances. These advantages are secured by the recogni¬ 
tion that the reactive form of a carbinol-amine (II) is the un¬ 
saturated ammonium hydroxide (III), but instead of representing 
the further stages as due to ionisation, combination of the ion 
with a negative residue, and, finally, migration, the present 
authors prefer to regard the condensations as due to a simple 
addition of the components as illustrated in the scheme : 



In the case of a condensation between a pseudo-base and pseudo¬ 
acid, the theory of the reaction between ions demands two intra¬ 
molecular changes, but on the hypothesis now advanced the 
carbon to carbon synthesis occurs in the first stage of the process 
and migrations are not required. This is illustrated in the case 
of anhyclrocotarninenitromethane, and it will be seen that the 
tfA-modification of nitromethane and the ammonium hydroxide 
form of cotarnine yield a complex (IV) in which there may be a 
change in affinity distribution which results in the separation of 
water and the production of anhydrocotarninenitromethane. 

0 

H x C~i li— o 

c,H q-hf i_» c, o-cH-cn-Nq 

\H r hfe+ H x 0 

\.J 6 M- 

(IV.) 

The essential feature of these representations is the postulation 
of conjugated partial dissociation as a preliminary stage of the 
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reactions, and this is a particular case of the process described by 
Baly as “opening up the molecular force fields. 7 ’ The mode of 
expression is, however, slightly different from that employed in a 
former communication (T., 1916, 109 , 1031 * et seq., 1042). 

Taking methyl iodide as an example, then, in reactions in which 
the iodine becomes separated from the methyl group, it is assumed 
that there is a partial dissociation and that the reactive molecule 
should be represented as ...CH S I — The present suggestion is 
merely that the partial valency so expressed shall be considered 
to be derived from the normal valencies and that the dissociation 
necessarily weakens the bond between the carbon and iodine atoms, 
so that the complete symbol is ...CH S ...I... . Where a partial 
dissociation can be followed by complete electrolytic dissociation, 
there is a clue to the polarity of the partial valencies, since it may 
reasonably be assumed that the partial dissociation is a stage in 
the complete process. Further, it is clear that the partial dis¬ 
sociation of latent valencies must be assumed in some cases, as, 
for example, in the combination of ammonia with hydrochloric 
acid: 

..... ~~H 

u{h 3 + i ^ cm, \ r nh.ci 

"■ . . Cl ""-CL 

The conjugated partial dissociation of such an ammonium 
hydroxide as cotarninium hydroxide is a more complex example 
of the same kind; 



* In this paper, the residual affinity was regarded as additional to the 
i ormal valency, not as a part of the latter. The theory of the reactions is 
not fundamentally altered, and in accordance with the suggested method 
of expression the addition of an alkyl haloid to an unsaturated base 
would be represented by the scheme; 
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In partial dissociation of latent valencies, two partial valencies 
of opposite sign become available,^ and tlies© .emanate from the 
same atom, whereas when a norma:l valency is divided, the two 
parts will be of the same sign, so that the ring in IY in regard 
to the polarity of the partial valencies should be expressed as 
shown below : 




c 


:h 


CtW-.d 


The logical application of schemes of partial dissociation, simple 
and conjugated, of addition and decomposition by making and 
breaking of partial valencies, and of redistribution of affinity, 
demands the consideration of these questions of polarity and leads 
to a system of mechanism of reactions which appears to he capable 
of including the representation of chemical changes of the most 
varied type, and the present authors are not acquainted with any 
examples of reactions the course of which cannot be illustrated in 
the manner implied. It is true that the subdivision of units 
invariably supplies greater facilities for explanations, but in the 
present instance there is the important restriction on the elasticity 
of the theory which is imposed by the necessity of providing the 
reactive complexes with two free partial valencies of opposite 
sign, and this d^tas introduced no difficulty in any case examined. 
In order to avoid possible misapprehension, it should be stated 
that reactions between ions are not excluded, but regarded as the 
limiting case, and, further, that it is recognised that the symbols 
which are used to express tn&activated condition of molecules can 
represent only a -first approximation to the actual distribution of 
affinity. ^ 

We cannot deal with every instancel^Yhich it is imagined that 
the method of representation advocatecTT^ 3 clear advantages in 
the summarisation of the experimental dat£\. an d we therefore 
confine ourselves to two reactions which have heeW the subject of 
comparatively recent' controversy. ’ S s, 


x, 


The Brominatlon of Ketones . 

Lapworth’s theory of the mechanism of the brominationdx 
acetone and other ketones (T., 1904, 85, 30) has received much S 
support from subsequent experimental work, and it may be said 

tion 6 ers . a ^ q accepted that the essential reaction is the addi- . 
tzon of bromine to the enolic form of the ketone. Leuchs (Her., ■ 
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1913, 46, 2435), however, brominated optically active o-carboxy- 
2-benzyl-l-hydrindone and obtained 5—10 per cent, of an optically 
active bromo-derivative, and since the enolic form of this ketone 
contains no asymmetric carbon atom, it was claimed that the 
bromination was in part a direct substitution. In accordance with 
the theory of partial conjugated dissociation of an enol, however, 
the actual reactive conditions is not 


x-C—OH 

yz:L 


bid 


x rr 

A 

yzV 


=bH 


and this reactive form is seen to be intermediate as regards its 
distribution of affinity between the ketone and its enolic modifi¬ 
cation. Consequently, the catalytic action of hydrobromic acid on 
the ketone in producing the enol will involve the reactive form 
of the latter as an intermediate stage. In this molecule, the 
partial valency preserves the asymmetric environment of the 
carbon, atom, and the formation of an optically active bromo- 
derivative is therefore possible. The whole process may be repre¬ 
sented in the following manner: 



Mechanism of Diazo-coii fling. 

K. II. Meyer (compare “Annual Reports,” 1914, 11, 100; 1915, 
12, 115) and his co-workers hold the view that diazo-coupling is 
due to an addition of the diazonium salt to* a double bond or 
conjugated double bond in the second component. Other authors, 
as Auwers and Michaelis, and Karrer Qoe. cit.), are of the opinion 
that the reaction is in the first place one of addition to the oxygen 
or nitrogen atom of the phenol or amine, and that this is followed 
by migration. Both these views are experimentally founded and 
at present regarded as contradictory. The application of the 
theory of addition of partly dissociated complexes leads to a 
representation which in the present authors" opinion explains,the. 
whole of the facts, including those relating to the chemistry of the 
diazonium salts themselves. It has already been suggested (T., 

' % VOL, OXX. ' ' F F i ( ; 
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1916, 109, 1042) that the characteristic reactions of aromatic 
amines and phenols must be ascribed to additions to a conjugated 
unsaturated system which includes the nitrogen or oxygen atoms. 
The neutral and reactive phases of a phenol, such as /n-cresol, will 
therefore be the following : 




Me 


Me 






An examination of the polar properties of the partial valencies 
shows that the orientation rules are a direct consequence of the 
opposite sign of the latent valencies of elements, such as oxygen 
and nitrogen, but it must be remembered that in dealing with 
amines and phenols the effects observed are considerable and well 
defined, and that in connexion with the general problem of 
orientation in the benzene ring it may be necessary to take 
cognisance of even more delicate influences than the conjugation 
of partial valencies. The reactive phases of am aromatic amino 
will correspond with those figured above in the case of m-hresol. 
Addition to the unconjugated reactive modifications will involve 
the attachment of a group to the oxygen or nitrogen atoms, 
whereas addition to the molecule in its conjugated dissociated 
condition will involve nuclear substitution. If the former reac¬ 
tion is reversible, and this is usually the case, there may ensue an 
apparent transference of a group from oxygen or nitrogen to the 
nucleus, and the transformation of diazoamino-compounds into 
: azo-derivatives is not improbably a' reaction of this . type-. 

The 'phenomenon is analogous to that involved in the production 





















The last reaction is a conjugated decomposition, that is, the 
reverse of addition to a conjugated system. Such reactions are 
of great importance in the aromatic series, and there appears to 
he no valid reason why the decomposition should have a more 
complex mechanism than the formation of the additive product. 

Turning to the diazonium compounds, it must he noted that 
these substances (for example, hydroxides) are in constitution and 
properties strikingly analogous to such substances as cotarninium 
hydroxide and owe their reactivity to a similar partial decom¬ 
position, which is expressed in Y. Addition between the reactive 
phases of a phenol and of a diazonium hydroxide will result in 
VI, and possibly YII may then he obtained by a redistribution of 
affinity. 



YII is clearly the oxonium hydrate of the keto-form of an azo¬ 
phenol, but it is also the hydrate by conjugated addition of the 
I enolie modification, and the latter may be obtained by conjugated 
| decomposition as shown above for the precisely similar conversion 
of a ketone into an enol with the aid of hydrohromic acid. It 
should be pointed out, however, that it is unnecessary to go so 
far as" VII in rearranging the affinity of VI. If, for example, 

; the partial valency connecting the nitrogen atoms is broken, the 
natural result of the activity of the free partial valencies is 
/Indicated in VIII, IX, and X. 

k 

'■ pf 


P p 2 
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The above will apply to a phenol, such as 0-naphthol, which 
couples in the ortho-position. Para-substitution will involve the 
inclusion of an additional double bond in the conjugated system, 
and it is clear that the scheme is applicable to amines as well as 
to phenols. 






0 


(VIIL) 


(IX.) (X.) 


EXPERIMENTAL. 

Gy a n odihydro b erb erine . 

This substance was prepared by Henry ( Annalen , I860, 115/ 
136), and regarded as a sparingly soluble salt which crystallised 
from alcohol in yellow, rhombic leaflets. The analysis given is 
3 per cent* lower than the theory, and indeed at that time the 
? hofi^osition of berberine was supposed to be C 42 H 19 O 10 N (0=6; 

1872 Fliickiger ( Jahresber 748) stated that the sub¬ 
stance did not exist, and later Pommerehne (Arch, Pharm ., 1895, 
\233> 127) reaffirm-ecl that berberine forms a stable hydrocyanide. 
^inkier (Zoc. cit.) usecHhe substance in connexion with his spectro- 
chemical work. Since it appears that this compound has not yet 
been accurately analysed or described, we prepared a specimen by 
adding potassium cyanide to a solution of berberine sulphate tin 
the yellow colour disappeared. The solid was collected and rapidly?' 1 
crystallised from alcohol and then from benzene, in which the f 
substance is sparingly soluble. It was found necessary to keep 
the solution in the dark, as the compound is decomposed by light. 
The pale yellow prisms melted at 184—186° when somewhat 
rapidly heated:. 

0*1405 gave 0*3602 C0 2 and 0*0661 H 2 0. C = 89*9; H = 5*0. 

C 21 H l8 0 4 N 2 requires 0 = 69*6; H = 5*2 per cent. 

The substance is readily soluble in chloroform and sparingly so 
in ethyl acetate, from which it crystallises in yellow octahedra > 
It is 1 stable towards aqueous potassium hydroxide and is notl 
immediately decomposed by cold dilute hydrochloric acid. On I 
gently warming, hydrocyanic acid and 1 berberine chloride weif .J 
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produced. No definite evidence of the formation of a salt of the 
base was obtained, but that substances of this type are real bases 
which can form salts without decomposition is evident from the 
behaviour of cyanohydrocotarnine. This substance dissolves in 
dilute sulphuric acid, but, on scratching the container, colourless 
crystals of a sparingly soluble sulphate separate. Only on heat¬ 
ing does the colourless solution become yellow, and hydrocyanic 
acid is then set free. It is a mistake, therefore, to term these 
substances pseudo-salts. They are in no sense salts, but bases 
which can combine with acids, and in this condition are readily 
decomposable. We have also observed that cyanohydrocotarnine 
forms a methiodide. 

M etho xydi hydro herb erin e , ip-B-0 M e. 

Perhaps the most characteristic reaction of pseudo-bases is the 
formation of ethers of the carbinol form by simple treatment with 
alcohols, and it is interesting to note that this property is 
exhibited, not only by the rosaniline bases, but also by many tri- 
phenylcarbinol, derivatives not containing nitrogen and by the 
xanthhydrols and other pseudo-oxonium bases. In the presence 
of excess of water, these ethers are as readily hydrolysed as they 
were formed, and the conclusion to be drawn from the whole 
matter seems to be that the interconversion of the two forms of 
the pseudo-base is accomplished by addition and subtraction of 
water or of an alcohol. Gaze, in a private communication to 
Beilstein’s <e Handbuch,” states that bei’berine yields an alcoholate, 
C 20 H 17 O 4 N,C 2 H 6 0 ,' which he describes as golden crystals, but there 
appear to be no further references in the literature to substances 
of this type. Berberinol (15 grams) was added with stirring to 
methyl alcohol (35 grams), when the substance became more 
crystalline in appearance. After remaining during two hours, the 
substance was collected and rapidly crystallised from methyl 
alcohol. It was obtained in pale yellow prisms melting at 152°; 

0*1239 gave 0*3126 C0 2 and 0*0661 I1 2 0. C = 68*8; 11 = 5*9. 

C 21 H 2 AN requires 0 = 68'7; H = 5*7 per cent. 

In attempting to crystallise this substance from ethyl acetate, 
.j oxyberberine melting at 198—200° was obtained. The substance 
was also readily changed to oxyberberine by boiling with sodium 
methoxide in methyl-alcoholic solution. It appears to be more 
easily oxidised than berberinol itself Like most dihydroberberine 
derivatives, the dilute solution, in ethyl acetate exhibits blue 
/ fluorescence. The methoxy-group was readily removed in the forrr 
of methyl alcohol on warming the substance with water. 
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Eth ox ifdihydrob erberine. —This derivative crystallised in golden- 
yellow, rectangular prisms which darken at 125° and melt at 136°. 
Its properties were similar to those of the methoxy-compound. In 
absolute ethyl alcohol the substance condensed readily with 
acetone, producing anhydroberherineacetone melting at 175°. 

iso-4 myloxyrlihyclroherberln c .— This substance was obtained in 
circular clusters of golden needles and melted at 157°. It's ethyl 
acetate solution exhibits blue fluorescence. 


A nhydroberberineacetoplienone , ^-B-CH 2 *COPh. 'j 

This derivative was obtained by condensing berberinol wit"* 
acetophenone in alcoholic solution or by starting with methoxydi- 
hydroberberine and carrying out the reaction in absolute methyl- 
alcoholic solution* It is, however, more convenient to operate in 
the following manner. Berberine sulphate (20 grains) was mixed 
with alcohol (100 c.c.) and acetophenone (10 grams), and, after 
gently heating the mixture, a 2Q per cent, aqueous solution of 
potassium hydroxide was added until the orange colour became 
reel and then yellow. The liquid was vigorously stirred, and, after 
the addition of water, the yellow oil gradually solidified and was 
collected and crystallised, first from alcohol, in which the sub¬ 
stance is sparingly soluble, and then from ethyl acetate. The 
final purification was by crystallisation from benzene containing 
little light petroleum, and the substance was then obtained in 
0T3l\}t yellow prisms melting at 140—141°: 


CS^gave 0*3542 CO, and 0*0658 H,0. C = 73’7; II = 5*6. f 
This oomiouM^ re( l l ^ res C = 73*8; H = 5*5 per cent. | 

berberine salt and acetophl^ 9te^u decomposed by acids, yielding a! 
even when the compound is warmed’with wL? f whidl is P erce P Uble l 
was changed by methyl sulphate into what appeal Tho substauc6i 
ture of metho-salts with berberinium sulphate On&w 0 a mix ' 

|ttlef°aL miXtU H hydrocUoric add > acetophS^f ** 

\7T d 7 Mcl1 iad tlie 

proportion of som P ’ contaminated with a considerable I 

sr p f - S me , aUaI ° g0llS com P° rad - The mixture could noH 

consist ol WbS^Sk^ T ljSiS in f Cated that i ^ 
chloride. € and 3 me tkylberberinium : : 


A iih yd roberhrrlne nil n> methane, ^-B-CH.,*NO.,. 

t nu c.c.) and water (100 c.c.) and treated wit 1 * 
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concentrated solution of potassium hydroxide until a clear solu¬ 
tion was obtained. Nitromethane (10 c.c.) was then added and 
more dilute potassium hydroxide gradually introduced, care being 
taken not to render the solution strongly alkaline. A crystalline, 
red precipitate was formed, which was collected and recrystallised 
from alcohol. The orange-red needles melted at 140°. Becrystal- 
Iisation from alcohol resulted in lowering of the melting point to 
136°, but from toluene, orange, prismatic needles melting at 142° 
were obtained: 

0-1165 gave 0*2733 C0 2 and 0*0582 H 2 0. C = 63*9; H = 5*5. 

C 21 H 2(J O 0 N 2 requires C —63*6; H = 5'l per cent. 

This substance is changed by acids into a berberine salt. It 
was also* obtained by condensation of methoxydihydroberberine 
and nitromethane in methyl-alcoholic solution. 

Universities of Sydney and Liverpool. 

[Received, September 4th , 1917.] 


LXXXilL —The Absorption Spectra of some Polyhydroxy - 
anthraquinone Dyes in Concentrated Sulphuric 
Acid Solution and in the State of Vapour. 

By David B. Meek. 

In a previous communication (Meek and Watson, T., 1916, 109, 
544 et seq.) on the colour of the poly hydroxy anthraquinone dyes 
it was shown that the wave-length of the maximum of an absorp¬ 
tion band of any of the substances depended on whether the sub¬ 
stance was examined in alcoholic solution, in potassium hydroxide 
solution, or on cloth variously mordanted. Taking the absorp¬ 
tion as due to the resonance produced in a system capable of 
oscillating between the different tautomeric forms, then this period 
of oscillation was regarded as modified by the nature of the radicle 
attached to the conjugate chain of double and single bonds. One 
of the conclusions drawn from that investigation was that a the 
more electropositive the nature of the radicle attached to a con¬ 
jugate chain, the longer will be the wave-length of the maximum 
of the absorption band.” In that work the spectrum of each of 
the dyes was examined, (1) in alcoholic solution, (2) in aqueous 
potassium hydroxide solution, and on wool mordanted with (3) tin, 
(4) alum, and (5) chrome respectively. The present investigation 
was undertaken with a view to obtain information regarding the 
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absorption spectra of the same polyhydroxy anthraquinone dyes in 
solution in concentrated sulphuric acid and in the state of vapour. 
Some of these dyes had given a number of fairly narrow, sharp 
bands in alcoholic solution Qoc. cit) 7 and it seemed of importance 
to discover whether under other conditions the narrow bands 
.which had been obtained could be broken up into absorption lines, 
for as a vapour at atmospheric pressure iodine has very fine 
absorption lines, whilst in solution it gives absorption bands which 
are broader than those yielded by some of the polyhyclroxyanthra- 
quinone dyes. The difficulty of obtaining the absorption spectra 
of many organic substances as vapour is that they frequently 
decompose before vaporising, and hence the absorption spectra 
have to be observed when the dyes are vaporised at low pressures. 
With the same end in view, namely, of obtaining very narrow 
absorption bands, one of the substances, alizarin-cyanine, which 
gave narrow” bands in alcoholic solution, was also examined in a 
number of organic solvents. 

It may be stated here that it has not been found possible to 
resolve any of the bands given by the polyhydroxyantliraqiiinone 
dyes into absorption lines, but absorption curves have been 
obtained which on resolution into elementary symmetrical bands 
have yielded further information regarding the effect of the 
number and position of auxochromes on the absorption, and there¬ 
fore on colour. 

Experimental. 

The absorption spectra of the dyes in concentrated sulphuric 
acid and of alizarin-cyanine in the various organic solvents were 
obtained in a maimer similar to that described in the previous 
paper (loc. cit the apparatus being a Nutting photometer in 
combination with a large Hilger wave-length spectrometer. In 
obtaining the positions of the absorption bands in the case of the 
vapours, a slightly modified procedure was adopted. A brass tube 
50 cm. in length and 1*5 cm. in diameter was fitted with air-tight 
caps taken from a polarimeter tube. The portion of these caps 
which is generally fixed to the glass polarimeter tube by means of 
hard wax was brazed to the ends of the brass tube. They were 
then ground plane, and by means of asbestos washers the caps 
could be made air-tight when screwed on firmly. Attached to the 
side of the brass tube was a small brass tube through which the 
pressure inside the long brass tube could be reduced. 

To observe the absorption spectrum of the vapour of one of 
,the dyes, a small quantity of the substance was placed m a porce¬ 
lain boat and introduced into the brass tube. The polarimeter 
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tube cap was then firmly screwed on and the whole tube placed in 
a resistance electrical furnace. The latter was larger than the 
brass tube, and so the ends were well -within the furnace. This 
prevented the deposition of the vaporised substance on the glass 
ends of the tube. The side-tube projected beyond the furnace, and 
was attached to a Gaede pump, by means of which the pressure 
inside the absorption tube could be reduced. The furnace was 
arranged so that a parallel beam of light could be passed through 
the absorption tube to one aperture of the photometer, and another 
beam from the same source was brought by reflections to the other 
aperture. This method should have given measurements from 
which absorption curves could have been drawn, but the difficulty 
of keeping the amount of vapour in the tube constant has not 
yet been overcome, with the result that only the wave-lengths of 
the maxima of absorption have been determined up to' the present. 
Although the absorption curves have not been obtained yet for 
the substances in the form of vapour, an attempt has been made 
to classify the absorption bands according to apparent intensity. 
The following table contains the results which have been obtained: 


Table I. 


Substance in the form of 
vapour mixed with air. 


Quinizarm or 1 : 4-dihydroxy~ 
anthraquinone (fluorescent) 


Wave-lengths of 
maxima of 
absorption. 

) (1) 5137 
(2) 5040 
(3) 4926 
(4) 4815 
(5) 4736 
(6) 4635 


Comparative intensity 
of these maxima of 
absorption. 

Very faint 

Intense 

Intense 

Faint 

Very faint 

Extremely faint 


Purpurm ^or 1:2: 4-trihy- 
d r oxyanthraqui non © 


f(l) 5256 

(2) 5045 

(3) Broad band of 
general absorp¬ 
tion from violet 
upwards to 

^ about 4900 


Intense 

Intense 

Intense 


Alizarin-Bordeaux or 1:2:5:8- 
' tetrahyd r oxy anti i raqu inone 


f(l) 5135 

(2) 5050 

(3) 4896 

(4) 4805 
,(5) 4693 


Intense 
Intense 
Faint 
Very faint 
Extremely faint 


These absorption bands have been shown in Figs. 2, 3, and 5 as 
straight lines drawn at the wave-lengths of maximum absorption 
and of length, varying according to the qualitative classification 
of intensity in the third column of Table I. It is interesting that 
the bands of quinizarin and Alizarin-Bordeaux vapours are closer 
. , ■ ^ / P p* 
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together than the bands of these substances in solution in alcohol, 
and it is also noteworthy that the differences between successive 
maxima of absorption ot the substances as vapours are ot the same 
order of. magnitude as the differences between the successive 
maxima for alizarin-cyanine and anthracene-blue in alcoholic 
solution. The absorption due to the vapours of the other five 


Fig. 1. Wave-lengths. Fig. 2. 



polvhydroxyanthraquinones considered here was not resolved into 
narrow bands. Alizarin vapour gave general absorption coming 
up from the violet end of the spectrum as the density of the vapour 
was increased. Anthragallol gave a similar result, whilst 
anthracene-blue gave a broad, indistinct, weak band with its 
'centre about A. = 5000. 
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The Absorption Spectra of the Folyhydroxgantliraquinones in 
Concentrated Sulphuric A c id Solutions . 

Solutions of strength JY/10 4 in concentrated sulphuric acid were 
prepared and examined by the Nutting spectrophotometer in the 
manner previously described (Joe. eif .). The absorption curves 
obtained are given in Figs. 1 to 8. 

Fig. 5. Wave-lengths . Fig. 6. 



(1) Alizarin ,—In potassium, hydroxide solution there are dis- 
"tinctly three bands, the middle one being the. most intense. In 
concentrated sulphuric acid solution there are indications that 
these bands still exist, but the middle one and the one towards 
. the red have diminished in relative intensity, and probably also 
' ; . P P* 2 
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have broadened. Tlie one towards the violet end lias become 
relatively more intense. 

(2) Quinkarin .■—The results are given in Table II. 

Table II. 


Wave-lengths 

of maxima .Relative order 


Solvent, 


X. 

/= iA- a(!A) 

of intensity. 

Remarks. 



'•(1) 5137 

1946 

38 

— 

(4)-(l) = 131 



! (2) 5040 

1984 

47 

— 

(fi)-(2)«127 



1 (3) 4926 

2031 

48 

— 

(6) — (3) = 127 

Vapour 


1 (4) 4815 

2077 

34 

—. 




(5) 4736 

2111 

47 

— 

— 



1(6) 4635 

2158 

— 

— 

— 


f(l) 5150 

1942 

51 

3 

— 

Alcohol 

4(2) 5018 

1993 

09 

2 

— 


1(3) 4780 

2092 

— 

1 

— 


1 

f(X) 5470 

1828 

139 

1 

— 

Sulphuric acid 


(2) 5086 

1967 

126 

2 

— 


! 

[(3) 4777 

2093 

— 

3 

— 


1 

[(!} 5944 

16S3 

127 

11 almost 


Potassium 

J 

(2) 5526 

1810 

128 

2J equal 

— 

hydroxide 


[(3) 5160 

1938 


3 



The absorption spectra of quinizarin iii alcohol and as a vapour 
have the absorption over the same area of the spectrum as regards 
both extent and position. In the concentrated sulphuric acid solu¬ 
tion and in the potassium hydroxide solution the areas of absorp¬ 
tion are larger, but again almost equal, and they have been shifted 
towards the red end of the spectrum, the shift being greater in 
the case of the alkali solution. 

(3) Pur-pur in ,—The results, are given in Table III. 


Table III. 


Wave-lengths 

of maxima Relative order 


Solvent. 


Vapour 


X. /= 1/X. A(l/X). of intensity. 
[(1)5250 1903 70 (1)1 about 

(2) 5045 1082 59? (2) f equal 

(3) Broad 2041? — — 

band of 

' general ab¬ 
sorption 
from violet 
up to about 
1,4900 


Remarks. 



f(l) 5524 1811 110 4 

Alcohol J{2) 5205 1921 123 1 

I (3) 4892 2044 48? 2 

1(4) 4780? 2092? — 3 

f{ 1) 5564 1798 141 2 

Sulphuric acid \(2) 5158 1939 -— 1 

Pot assium f (1) 5450 1835 121 2 

hydroxide \ (2) 5113 1956 — I 
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Again, in the case of pur pur in, the absorptions by the vapour 
and by the alcoholic solutions occupy almost identical parts of the 
spectrum, but, as* in quinizarin, the absorption maxima are closer 
together for the vapour than for the solution in alcohol. With 
concentrated sulphuric acid and potassium hydroxide solutions the 
absorption has been displaced towards the red, and the maxima 
for sulphuric acid solution are nearer the red end of the spectrum 
than the maxima for the alkali solution. 

(4) Anthragalloh —In the sulphuric acid solution there are three 
bands giving maximum absorption at wave-lengths 5750, 5240, and 
4620, and as regards intensity these are in the order 3, 2, 1 
respectively. These three bands are not apparent in the potassium 
hydroxide solution as distinct- bands, but their existence as broad 
bands may be inferred from the shape of the absorption curve of 
the potassium hydroxide solution. One effect of the sulphuric 
acid has been to render the resolution better and to increase the 
relative intensity of the absorption towards the violet end of the 
spectrum. 

(5) Alharin-Bortleaux .■—The results are given in Table IV, 

Table IV. 

Wave-lengths 

of maxima Relative order 


Solvent. 


X. 

/- 1A* 

A(l/X). 

of intensity. 

Remarks. 


f( 1) 

5135 

1947 

33 

Intense 

— 

Vapour J 

(2) 

5050 

1980 

62 

Intense 

, — 


(3) 

4896 

2042 

39 

Faint 

— 

(4) 

4805 

2081 

50 

Very faint 

— 


1(5) 

4693 

2131 

■ — 

Extremely 

— 





faint 


Alcohol .1 

((I) 

5238? 

1900? 

210? 

2 

_ _ 

1 

1(2) 

4700* 

2128 

— 

1 

— 


f(D 

6400 

1563 

181 

4 

, r . 


1(2) 

5732 

1744 

143 

1 

— 

Sulphuric acid "j 

1(3) 

5800 

1887 

109 

2 

— 

1(4) 

5010 

1996 

—. 

3 

— 

Potassium 

f( 1) 

6045 

1655 

115 

w> 


hydroxide 

1(2) 

5650 

1770 

— 

i 

— 

Comparing the 

absorption in 

the state of vapour 

and in solu- 


tion in alcohol, the maximum of absorption is nearer the violet 
for the alcohol solution than for the vapour. In the state of 
"-vapour the bands are narrower and the resolution much better. 
For sulphuric acid and potassium hydroxide solutions the absorp¬ 
tion has been displaced towards the red, and in the two solutions 
it occupies the same part of the spectrum. The sulphuric acid 
solution gives better resolution on the blue side of the absorption, 
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curve, whereas the potassium hydroxide solution gives better 
resolution on the red side. 

(6) Alizarin-cyanine ,—Table V contains the results for alizarin- 
cyanine. 

Table V. 


Solvent. 


Alcohol 


Sulphuric acid 


Potassium 

hydroxide 


X for 



Relative order 


maximum. 

/— 1 fk. 

A(l/X). 

of intensity. 

Remarks. 

f(l) 5630 

1776 

51 

3 


(2) 547,3 „ 

1827 

47 

1 

/-/== 

(3) 5337 

1S74 

92 

2 

(2) (4) 13! 

1 (4) 5088 

1966 

43 

4 

(5) 4978 

2009 

89 

5 


1(6) 4770 

2098 

— 

6 


/'(]) 6332 

1580 

76 

3 


1(2) 6040 

1656 

137 

1 

/-/ = 

1 (3) 5575 

1793 

183 

2 

(2) (3) 13' 

1(4) 5060? 

"Gradually 
rising 
curve from 
violet to 
< red. No 
maximum 
bet wee n 
4000 and 
17000 

1976 


4 



From table V and also from the curves it is again obvious that 
the absorption has been displaced towards the red in the con¬ 
centrated sulphuric acid solution, and still further towards the 
red in the potassium hydroxide solution. The band which has 
been numbered (3) in the alcoholic solution has been masked in the 
sulphuric acid solution by the intensity of band (2), so that the 
bands (1), (2), (3), and (4) in sulphuric acid solution correspond 
with the bands (1), (2), (4), and (6) in the alcoholic solution. The 
band (2) in both solutions is the most intense, and it is also prob¬ 
able that the position of the maximum of absorption is not very 
much removed from the centre of the absorption band, so we may 
obtain the displacement towards the red in the concentrated 
sulphuric acid solution by comparing band number (2) in alcohol 
with band number (2) in sulphuric acid. These bands we may 
take at A = 5473 and 6040, giving a displacement of 567 Angstrom 
units towards red. In frequencies the figures are /= 1827 and ^ 
' 1656, with a displacement of 171. 

-Anthracene-blue Table VI gives'the results lor anthra-^ 

cene-blue. 
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Table YI. 


Solvent. 


Alcohol 


Sulphuric acid 


X for 

maximum. 

/= i/x. 

A(l/A). 

Relative order 
of intensity. 

Remarks. 

f(l) 5655 

1768 

55 

— 


(2) 5487 

1823 

47 

— 

/-/ = 

(3) 5348 

1870 

95 

— 

(4) (2) 14-2 

“ (4) 5089 

1965 

37 

— 

/-/ = 

(5) 4995 

2002 

49 

— 

(5) (3) 132 

1(6) 4875? 

2051 

— 

— 

f(l) 6750? 

1481 

174? 

_ 


f(2) 6044 

1655 

143 

— 

/-/ = 

\ (3) 5564 

1798 

129 

— 

(3) (2) 143 

f(4) 5190 

1927 

— 

— 


Potassium 

hydroxide 


/ Gradually rising curve from violet to red with an inflection 
J at about 5450 which shows that the curve is not a single 
{ absorption band. 


Again, the effect of the sulphuric acid and of the potassium 
hydroxide is to displace the absorption towards the red, and the 
displacement clue to the sulphuric acid is not so great as that due 
to the potassium hydroxide. The resolution is also much better 
in tlie solution in sulphuric acid. 


Alizarin-cyanine in Various Solvents . 

The absorption spectra of alizarin-cyanine in various solvents 
have been examined, and the curves are given in Figs. 9 and 10. 
The results are also contained in table VII. 

Alizarin-cyanine was chosen for the purpose on account of the 
large number of narrow bands it gives in solution in many organic 
solvents and the ease with which corresponding bands can be 
identified in the various solutions. 

From Table VII, and also from Figs. 9, etc., it will be seen 
that the absorption bands can be recognised quite easily when dis¬ 
placed by the various solvents. The bands have been given dis¬ 
tinguishing letters A, B , C, etc. The last column of Table VII 
contains the refractive indices of the various solvents for sodium 
light. According to Kundt’s law, the greater the refractive index 
of the solvent the greater should be the displacement towards the 
red. This is, however, not the case. In many cases there is dis¬ 
placement towards the red, but this is not always accompanied 
by aii increase in the refractive index of the solvent. 

Looking at the graph of wave-lengths of maxima of absorption 
against refractive indices of solvents (Fig. 12), we see that, if the 
solvents of acid and basic nature are omitted, chloroform is the 
only solvent of those considered which violates Kundt’s law to a 
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A lizarin-cijanine in Various Solvents. 


MEEK : THE ABSORPTION SPECTRA OP SOME 







Iji 






■arfi 

© 




GO 

lO 


X 

10 


lO 


2> 



CO 

© 


© 

10 

x 

o 


X 

© 


ao 

© 


00 

© 


a 


T* 

Cl 

© 

■rH 

<N 

pH 

tH 

03 






ic 



to 



o 

M 


ci 


© 

© 


<N 

»0 

J> 



a 

© 


© 

rH 


© 

pH 

© 

o 


a 

© 


© 

© 


© 

© 


Cl 

iO 


Cl 

Cl 


ei 

© 

tH 










CO 



CD 



o 

tH 


X 

!> 


CO 

X 

X 

o 


o 

© 


' XO 



X 

© 

O 

a 


pH 

© 


© 

© 


© 

© 

10 

rH 

at 

XO 


lO 

io 

pH 


10 

i—i 


a 


1799 183S 1882 1931 1974 2016 2063 2110 2157 180 








Table VII. (continued). 

Alizarin-cyanine id Various Solvents. 

Wave-lengths and frequencies of maxima of absorptions. Refractive 




Nitrobenzene .................. / 1722 1772 1815 1873 1913 — 2007 2042 
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large extent. Neglecting pyridine, acetic acid, and phenol, there 
is a general tendency to displacement towards the larger wave¬ 
length with increase of refractive index, hut the nature of the 


Fig. 9, 



-—__ Methyl alcohol, 

- - *-. Amyl „ 

- Acetone. 


'solvent as regards acidity or basicity certainly has an effect on the 
displacement of the absorption bands. 

, The displacements cannot be due' to absorption bands in the 







POLY HYDROXY ANTH&AQU IIS' ONE DYES, ETC. USI 

infra-red of the spectra of the solvents, for the absorption con 
sidered is that of the solution less that of the solvent. 

So far as the effect of solvent on the colour of the polyhydroxy 
anthraquinone dyes is considered, the results are: 

Fig. 10. 


co* 

§ 0-*3 


Wave-lengths. 

-— Chloroform, 

— Glacial acetic acid, 
* - Ether* 


(1) The absorption is displaced towards the red end of the spec¬ 
trum by solution in sulphuric acid and in potassium hydroxide as 
compared with absorption of the alcoholic solution. 

(2) The displacement is greater for potassium, hydroxide solution 




potassiu 
on the V 
Few neir 
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law is in a general way true, but it is quite wrong when acid and 
basic solvents are included. 

The, Change in the Absorption Spectra Produced by the Variation 
of the Number and Position of the Auxochromes, 

Previously (T., 1918, 109, 556), the generalisations formulated 
by Georgievics ( Monatsh 1911, 32, 329 et seqi) on the influence 
of hydroxyl groups on the colour of lakes were criticised, and four 


Fig. 12. 



Wave-length of centre of same band in various solvents . 

rules were formulated which seemed to be more in harmony with 
the facts. Pursuing this point further, the absorption curves of 
t (1) alizarin (1:2-dihydroxyanthraquinone), (2) quinizarine (1:4- 
dihydroxy anthraquinone), (3) purpurin (1: 2 :4-trihydroxyanthra¬ 
quinone), (4) anthragallol (1:2:3-trihydroxyanthraquinaiie) in 
sulphuric acid, indicated by the full lines in Figs. 1 to 4 
respectively, have been resolved into symmetrical bands, shown by 
the dotted lines in the figures. It has frequently been suggested 
by various experimenters that the absorption in the visible and in 
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tlie ultra-violet portions of the spectrum is due to electrons 
associated with masses of various magnitudes, and calculations in 
tli© case of some substances showing selective reflection gives a 
mass of the order of the molecule. If we take the elementary 
curves in Figs. 1 to 4 and find the ratio of the values of mj-pc., 
where m is the mass of the electron, e the charge, and p the 
number of electrons per molecule, for each set of elementary curves 
we obtain the numbers in table Till. 

Table VIII. 

Relative values of m/pe for 
elementary bands. 

Rand No, i. Band No. 2. Band No. 3* 

7 1 — 

1 1 3 

2 1 — 

4 . 2 ' 1 

From Table VIII we see that the value of mjpe for the alizarin 
hands increases with increase in the wave-length of the maximum 
of absorption, whilst the reverse is the case with quinizarin, To a 
less degree, purpurin and anthragallol show the same effect as 
quinizarin and alizarin respectively. In alizarin, the hydroxyl 
group are in the positions 1:2, whilst in quinizarin the groups 
are in the 1:4-positions. Similarly, purpurin is 1:2:4- and 
anthragallol is 1:2:3-trihydroxyanthraquinone. Hence from the 
above, and also from the curves in Figs. 1 to 4, it will be seen that 
the effect of the position of the auxochromes seems to he as follows: 
the closer the hydroxyl groups are to each other in the benzene 
nucleus, the broader and less intense become the bands towards 
the red side of the absorption group. A comparison of the curves 
given in the previous paper for these substances in other solvents, 
for example, in potassium hydroxide, hears out the same con¬ 
clusion. Also it seems to be true that the proximity' of the au&p- 
chromes in the benzene nucleus determines the displacement 
towards the red, hut the mere displacement towards the red with 
closeness of the auxochromes becomes relatively, unimportant when 
compared with the decrease in intensity of absorption and to the_ 
increase in the breadth of the bands on the red side of the absorp¬ 
tion group. So far as displacement toward the longer wave-length 
with proximity of auxochromes is concerned, that could be ex¬ 
plained by an increase in the period of oscillation of the electron j 
due to an increase in the capacity of the whole system produced/ 
by the closer proximity, of the auxochromes. 'The broadening or' 
the bands relative to the intensity would be due to the increase ; 


Substance. 

Alizarin .. 

Quinizarin.. 

Purpurin . 

Anthragallol .... 
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In ilie friction to which the absorbing vibrating electrons are sub¬ 
jected, for if we take a simple absorption band produced by 
^ electrons moving according to the equation 

in, --i. + h ~ + itrx — E cos ft. 
at* clt 


then the term k represents the allowance made for friction, and 
(it 

the greater the value of h the greater the breadth of the absorp¬ 
tion band relative to its intensity, that is, the greater the friction 
the broader the absorption bands. 

The results, then, of bringing the auxoehromes close together 
in the benzene nucleus are: 

(1) A displacement of the absorption * bands towards longer 
wave-lengths, and 

(2) A decrease of the intensity of the bands relative to their 


breadth. 

The latter result produces a greater change on the colour than 
the former. It is responsible for the brown colour of such dyes 
as anthragallol and rufigallol in certain solvents. 


The Absorption, Spectrum of A li zari n-Gya nine in Piperidine . 

When a solution of strength Nj 10 4 was prepared, 1 cm. thick¬ 
ness gave the absorption curve (1) in Fig. 13 half an hour after 
preparation. Taking the wave-length where the absorption is a 
maximuijn as tl^e centre of an absorption band, then curve (1) in 
Fig. 13 jgives the bands tabulated in table IX. 


I ' Table IX. 

Bapid. *4. ' B. C. D. E. F. ' G. 

Wave-lemgth . 5990 5757 5544 5442 5295 5153 5064 

Intensity.. 0*48 0*526 0*64 0*613 0*50 0*434 0*354 

Relative© order of in¬ 
tensity . 5 3 1 2 4 ■ 6 7 


Th,e absorption changes while the observations are being taken, 
so tlj.at time readings are necessary to obtain the absorption curve 
at. af definite time after the preparation of the solution. Examina¬ 
tion^ of the solution immediately it has been prepared shows that 
thejf, bands A , A, and E are absent, or at least very faint, and that 
wit>h time they begin to appear. When the solution is freshly 
prepared,, G is the most intense band, and next in intensity comes 
m The solution was allowed to remain in the dark' for forty- 
pen hours, and the absorption curve was then (2) of Fig, 13. 
pie vessel remained sealed throughout the experiments from, the 
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tli© "bands lias increased, and A and B nave increased to a greater 
degree than C and D, with the result that 13 is now the hand of 
maximum intensity. The wave-lengths corresponding with the 
maxima of A and B have increased. That need not be considered 
as due to any shift of the bands, but merely as the natural dis¬ 
placement of the maxima caused by the change in the relative 
intensities of the A and B hands with respect to the G and D 
hands. Curve (3), Pig. 13, gives the absorption of the same thick¬ 
ness of the same solution seventy-one hours after preparation. 
The intensity of absorption throughout has decreased. The hands 
A and B still remain distinguishable, but G and D have become 
merged into on© hand. After ninety-five hours from preparation 
the same solution has only two hands remaining, namely, B and 
D, with a slight suggestion of A. The intensity has decreased 
further and the fading continues. The wave-lengths of maxima 
of absorption are now 5902 and 5454, and comparing the absorp¬ 
tion curve (4) with the curve for alizarin-cyanine in concentrated 
ammonia solution (5), a strong resemblance is observed. 

Fading of the solution, or, what is the same thing, general 
decrease in intensity of the absorption throughout, must be ex¬ 
plained by a decrease per unit volume of the number of vibrating 
systems giving the various bands, but the disappearance from the 
absorption curve of the individual bands A, C, E, F , and G can 
only be explained by a broadening of these bands. This, on the 
ordinary mechanical theory, would mean that the frictional 
element in the forced vibrations causing these bands was increased, 
and that therefore systems with periods differing from the true 
natural '.period by large amounts are made to resonate. It is not 
assumed, that the individual hands A , G } E, F, and G have dis¬ 
appeared entirely, but they have broadened to such a degree that 
the observed curve does not show them resolved as separate bands. 

The conclusion drawn previously (T., 1916, 109, 555), that 

tk© more electropositive the nature of the radicle attached to the 
conjugate chain the longer will be the wave-length of the maxi¬ 
mum of the absorption band,” is supported by the comparison of 
the absorption curves of alizarin-cyanine in alcohol and in 
piperidine. In this case, the absorption curve of the solution in 
piperidine shows an intensification of the bands toward the longer 
w ave-length and a diminution of the intensity of the bands towards 
tli© shorter wave-length. With the solution in potassium hydr¬ 
oxide, and the dyed fabrics on chrome, alum, and tin mordants, 
the absorption curves were broad and did not show the separate 
bands as such. This would mean that the friction is much greater 
1 >n these' mordanted' fabrics and also in the potassium hydroxide 



UBS GUTTER AXD SEX : ACTION OF 1>E ENYLHYDRAZINE 


solution than in the alcoholic solution, and the displacement of 
the centre of the broad resultant band would then be given by 
the increase of the intensity of the elementary bands towards the 
red end of the spectrum when the electropositive nature of the 
radicle is increased. 

Dacca College, 

Dacca, E. Bengal, 

India. [ Received, May 25th, 1917. j 


LXXXIV. —Action of Phenylhydrazine on Opianic , 
Nilro-opianie 9 mad Phthalonie Acids: Some 
Derivatives of Hydrazo - and Azo-phthalide . 

By Pbafulla Chandra Mitter and Jnanendra Nath Sen. 

The action of phenylhydrazine on opianic and liitro-opianic acids 
was first studied by Liebermann (. Ber,, 1886, 19, 763), who found 
that in the case of opianic acid one molecule of the acid reacts 
with one molecule of phenylhydrazine, with the elimination of two 
molecules of water and the formation of a compound insoluble in 
alkalis, to which he attributed a ring structure. 

In the case of nitroopianic acid, an intermediate product soluble 
in alkalis, which therefore was regarded as the ordinary/ plienyl- 
hydrazine derivative of liitro-opianic acid, was isolated. This sub¬ 
stance could be purified by dissolving in cold acetone .and pre¬ 
cipitation with water. On recrystallisation from glacial acetic 
acid, however, it was converted into a compound insoluble in 
alkalis and containing one molecule of ’water less than the phenyl¬ 
hydrazine derivative, and to this compound too a> ring structure 
was assigned. 1 s 

A behaviour similar to ■ that of opianic acid on treatment with 
phenylhydrazine had been observed by Roser in the case of a 
number of o-keto-carboxylic acids (Ber,, 1885, 18, 802). In every 
case, from one molecule of ketoaeid and one molecule of plienyl- 
hydrazine two molecules of water instead of one were eliminated, 
with the formation of ring compounds. Intermediate phenyl¬ 
hydrazine derivatives formed by the primary action of phenyl¬ 
hydrazine on the aid ehy do-group could not be obtained. 

For the preparation of these compounds, Roser heated the sub¬ 
stances in alcoholic solution with phenyl hydrazine and acetic acid, 
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whilst Liebermann treated the substances in aqueous solution with 
phenylhydrazine hydrochloride and sodium acetate* In both cases 
the reaction took place in the presence of acetic acid. 

It has been found that in ethereal solution and with the free 
base the reaction takes place in a novel manner, with the loss of 
only one molecule of wafer. The products can in some cases be 
crystallised from dilute acetone. They vary in their degree of 
stability, and in some cases remain unchanged for days, especially 
during the cold season. 

On treatment with acetic acid, the substances are instantaneously 
converted, by loss of a further molecule of water, into ring coin- 
pounds identical with those obtained by Liebermann and others. 

For the phenylhydrazine derivative (for example, from opianic 
acid) w T e have the choice of two alternative formulae, 


iCHIM'JSTHPh 

;O0 2 h 


CH(NH-lS T HPh)v >0 


(I) 


(II.) 


We are in favour of formula II, because on subsequent oxida¬ 
tion with mercuric oxide in acetone solution, the phenylhydrazine 
derivatives are converted into deep-coloured substances which give 
all the usual reactions of azo-compounds. The formation of an 
azo-corn pound by oxidation is a definite indication in favour of 
the hydrazo-structure. With the ordinary formula, such a change 
cannot be explained without assuming a considerable amount of 
molecular rearrangement and redistribution of linkings. 

TJhe azophthalides which have been prepared in this way repre¬ 
sent' an altogether new class of azo-compounds. 

TL. 3 mechanism of the reaction in this case, and in the case of 
ami nes generally, appears to be as follows. The elimination of 
wat er takes place, in the first instance, between the aldehyde-group 
on Ithe one hand and the amino- or inline-group on the other. The 
hydtrogen atom of the carboxyl group subsequently oscillates to 
the.' nitrogen, forming a phthalide ring. 

I Eli the case of a primary amine, the change may be represented 
thtlis: 


3 

\ 


\/\ 


ch:nr 




i y HR >> o. 


lip. thb case of secondary amines, two molecules of the amine react 
wyith one molecule of the aldehyde, and when the hydrogen atom 
of the carboxyl group oscillates to the nitrogen atom, a molecule 
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of the amine is regenerated, which is at once detached from the 
condensation product, thus: 


VVh<XBR% V N -CH(NRR'K 0j . nhrr , 

_; x/ co 2 h “** /\/ co - ' 

In the case of phenylhydrazine the action is exactly similar, thus: 


\/\0H:N-NHPk 

/C0 2 H 


N/XcHfXH-NHPh)v 


The formation of stable azo-compounds by oxidation would thus 
be readily explained, and they would have the structure repre¬ 
sented below: 



The oscillating hydrogen atom' can, of course, revert at any 
moment to the original position, which it apparently does in acid 
and alkaline media. This explains the solubility of the substance 
in alkalis, as well as the formation of the phthalazone ring under 
the dehydrating influence of different acids. 

On oxidation to the azo-compounds, the hydrogen atom is 
removed, with the result that the products become insoluble in 
alkalis, unlike the hydrazo-eom pounds. 

Such oscillation of hydrogen of the carboxyl group to doubly 
or trebly linked atoms or radicles in the o-position with respect to 
the carboxyl group is not without many parallels. 


Experimental. 

Interaction of Phenylhydrazine and Ojnanic Acid . • 

Opianic acid is rather sparingly soluble in ether, but on adding 
the acid to an ethereal solution of phenylhydrazine it dissolves 
readily. The solution on keeping deposits minute crystals of the 
phenylhydrazine derivative. \ 

Five grams of phenylhydrazine hydrochloride were treated with 
sodium hydroxide, and to the ethereal solution of the liberated 
base 5 grams of opianic acid were gradually added with constant 
stirring, the vessel being kept cool with ice-water. The acid dis¬ 
solved, and on scratching the sides of the vessel minute crystals 
soon appeared. To ensure completion of the reaction, the mixture 
was allowed to remain for about half an hour. The precipitate 
was washed repeatedly with ether and then dried in the airl The 
yield was 5*5 grams. 
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The substance crystallises from dilute acetone in pale pink 
needles melting and decomposing at 146°. It is soluble not only 
in dilute alkali carbonate, but also in dilute sodium hydroxide and 
ammonia, and less readily so in sodium hydrogen carbonate. In 
the cold it does not dissolve in hydrochloric acid, but on warming 
solution takes place. Concentrated nitric acid dissolves it immedi¬ 
ately, with the evolution of nitrous fumes and the production of 
a deep reel colour. “With concentrated sulphuric acid, it gives no 
colour. Acetic acid transforms it into the ring compound: 

0-1454 gave 0*3413 C0 2 and 0-0786 H 2 0. C = 64’02; H = 6*01. 

0-0996 „ 7*9 c.c. N^at 21*5° and 760 mm. N = 9*19. 

C 16 H 16 0 4 N 2 requires C = 64*00; H = 5 * 33 ; N = 9‘33 per cent. 

The substance was dissolved in dilute standard alkali and the 
excess of alkali titrated with standard oxalic acid. It was found 
to be monobasic. 

0*1889 required 6*4 c.c. i\ r /10-acid, whilst this weight of a mono¬ 
basic acid of the above formula requires 6‘28 c.c. N j 10-acid. 


Phenylazomeconiu . 

One gram of plienylhydrazomeconin (formula II) was dissolved 
in 25 c.c. of pure acetone (free from methyl alcohol) and heated 
on the water-bath with 4 grams of red niercuxic oxide, the liquid 
being kept almost at boiling point. The colour of the solution 
gradually changed to crimson-red. After remaining overnight, the 
mixture was filtered and the filtrate allowed to evaporate in the 
air, when a pasty mass was left which became hard on treatment 
with ether. The substance was dissolved in acetone and ether 
added to the solution. A pale yellow, flocculent precipitate was 
formed which had a tendency to become tarry, and, after removing 
this by filtration, the filtrate was allowed to evaporate in a vacuum 
over .sulphuric acid. A residue was left which, after crystallisa¬ 
tion from dilute acetic acid, was obtained as a yellow, crystalline 
powder melting at 164°. 

Phetnylazom econin gives all the usual reactions of an azo-com¬ 
pound. With concentrated sulphuric acid it gives a violet colour. 
The c olour of the substance itself is discharged by treatment with 
a solution of stannous chloride and hydrochloric acid. It dissolves 
in gla cial acetic acid with a red colour, which intensifies on warm¬ 
ing. If to this solution zinc dust is added and the whole heated 
for a moment, the colour changes to pale yellow, with the forma¬ 
tion of £i precipitate. In alcohol, it dissolves with a pink colour, 
which deepens on the addition of alkalis. It is readily soluble in 
acetone,' chloroform, or benzene: 
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0-1034 gave 0*2438 CO, and 0*0449 H,0. C = 64*34; H = 4*82. 
0*1003 „ 8*4 c.c. No at 25° and 760 min. N = 9*59. 

Ci 6 H i4 0 4 N 2 requires C = 64*43; H = 4*69; N = 9*39 per cent. 


Phenylopiazon e. 

One gram of pheiiylhydrazomeeonin was dissolved in hot glacial 
acetic acid, the solution boiled for about five minutes, and water 
added, when the ring compound was precipitated in almost colour¬ 
less flakes. It was purified by redissolving it in dilute acetic acid 
and boiling with animal charcoal. On filtration and cooling, 
crystals separated which were perfectly transparent and melted 
sharply at 175°. (Found: C=68*62; H = 5*26. C 16 H 14 0 ? N 2 
requires C = 68*08; H=4*96 per cent.) This substance is identical 
with the opianylphenylhydrazide described by Liebermann. 

It is, insoluble in alkalis or alkali carbonates and does not 
develop any colour with concentrated sulphuric or nitric acids. 

Interaction of Phenylhydraz in e and Nitro-ojnanic Acid . 

To an ethereal solution of phenylhydrazine (from 1*5 grams’" of 
the hydrochloride) 1 gram of nitro-opianic acid was gradually 
added. In a few minutes, after 'Solution was complete, a red oil 
settled to the bottom,'which, on stirring, solidified to a crystalline 
mass, which was collected and washed with ether. It crystallised 
from dilute acetone in red needles melting at 184° (Found: 
N = 12*26. C 36 H 35 O 0 N 3 requires 1ST = 12*17 per cent.), evidently 

identical with Liebermann’s “ nitro-opianic acid phenylhydrazine. 
The substance is soluble in alkalis or alkali carbonates. With 
sulphuric acid it gives but a pale green colour. 


Ph e nyla zonitromeco jyn. j 

Phenylhydrazonitromeconin (0*8 gram) was dissolved in 15, c.c. 
of pure acetone, and 1*5 grams of red mercuric oxide were added. 
'The liquid was kept gently boiling on a water-bath under reflux 
for about two' hours, after which it was left at the ordinary 
temperature for twenty-four hours. The mixture was then. filtered, 
the residue repeatedly extracted with boiling acetone, and the 
acetone solution evaporated, when a brick-red, crystalline mass was 
obtained. This was treated with excess of sodium carbonate to 
remove any trace of the hydrazo-compound, thoroughly washed 
with , water, and crystallised from dilute acetone, from which it 
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separated as an orange, crystalline powder melting sharply at 217°. 
The substance is sparingly soluble in acetone and insoluble in all 
other common solvents. With concentrated sulphuric acid it gives 
a blue colour': 

0-0959 gave 0*1976 C0 2 and 0*0286 H,0. 0 = 56*19; H = 3*32. 

0*1632 „ 17 c.c. N 2 at 20° and 760*01 mm. N = 12*14. 

C ift H la O fl N 3 requires C = 55*97; 11 = 3*79; N-12*26 per cent, 

Internet ion of Phenylliydrazine and Phthalnnie Acid. 

With phthalonic acid and phenylliydrazine an intermediate 
hydrazo-compound was obtained which could be oxidised to the 
corresponding azo-compound by means of mercuric oxide in acetone 
solution. It was also converted into the corresponding ring com¬ 
pound by dehydration with acetic acid. The hydrazo- and azo- 
compounds have not, however, been obtained in a condition 
sufficiently pure for analysis. 


, Phenylphthalazonecarboxylic A chi , 

^Nco-NPh. 

' X/ 1 c(co 2 h):n 

One gram of phenylhydrazophthalidecarboxylic acid was dis¬ 
solved in warm glacial acetic acid and hot water added to the solu¬ 
tion. On cooling, crystals of the ring compound were obtained in 
matted needles melting at 208°. Tire substance is identical with 
the anhydrophenylhydrazine-o-carboxyplienylglyoxylic. acid pre¬ 
pared by Henriques (7!c/\, 188S, 21, 1610). 

Further investigations are in progress. 

Sra T. N. Palit Laboratory, 

College or Science, 

University of Calcutta. 


{Received, June 1 Mi, 1917.] 
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LXXXV. — Studies of the Carbonates. Pari ILL 

Lithium , Calcium , cer^ Magnesium Carbonates . 

By Clarence Arthur Seyleb and Percy Vivian Lloyd. 

ZA/< f m m Garbonate. 

Air was drawn through an A /10-solution of lithium hydrogen 
carbonate at 25°. The- percentage of carbonic acid in the air was 
determined as in the previous paper (this vol., p. 138), by draw¬ 
ing* air through an NJ 10-solution of sodium carbonate. 

c = 100*5 x l()~ s gram-equivalents per litre [H 3 C0 3 ] = 0*0105 x 
10-3 

100a? = hydrogen carbonate 40'65 per cent. 

100(1 ~ sc) = carbonate 59*35 per cent. 

This result is identical within the limits of experimental error 
with that for sodium carbonate at the same concentration, and 

gives ^ £- = 5326. 

1 k j, a L 

Air was drawn through water containing lithium carbonate in 
excess, c = 363 x 10~ 3 equivalents. 

100#= hydrogen carbonate 23*4 per cent. "]k 2 £-4972 

100(1 — a?) = carbonate 76*6 per cent. J k z a 2 

This result agrees with McCoy’s value for sodium carbonate at 
the same concentration. 

Lithium carbonate, when shaken with water alone (c = 338x 
X0“* 3 ), behaved analytically like a pure carbonate. It is evident, 
therefore, that the ionisation of lithium carbonate and hydrogen 
carbonate can be taken as equal to that of sodium carbonate and 
hydrogen carbonate. 

A series of experiments was made, the results of which, although 
only preliminary, are worth recording. Lithium carbonate was 
shaken with water containing increasing amounts of carbonic acid 
in bottles without air space until equilibrium was presumed to be 
reached. The proportion of carbonate and hydrogen carbonate to 
total base was ascertained by double titration without special pre¬ 
cautions, except against loss of carbonic acid. , The solid phase, 
even when the solution contained chiefly hydrogen carbonate, 
appeared to be lithium carbonate, as determined by dissolving a 
portion in pure water and titrating as above. The concentration 
of the free carbonic acid was not determined, but can be approxim¬ 
ately calculated by the equation [H 2 CO s ] = h . and is 

V [pOgj 
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small in any case. The object was to ascertain whether the solu¬ 
bility product [Li] 2 x [C0 3 ] was approximately constant. Such 
experiments would afford a criterion as to whether the intermediate 
ion LiCOo really exists, since if it does the lithium ion concentra¬ 
tion will he [HCOJ-f [LiCO s ] 4 - 2 [COo], whilst if it does not, it will 
be [HCOg] -f 2[C0 3 ]. 

If h is the molecular concentration of the total hydrogen 
carbonate and c that of the carbonate, as determined by analysis, 
we should have in the first case [Li] = a(6 + c) + j8c, and in the 
second [Li 7 ] —+ 2j6c; j3 is taken to be the same as for sodium 
carbonate at the same total lithium concentration and a to be the 
same as for sodium acetate at the same molecular concentration, 
that is, at the concentration b + c. The noil-ionised [Li 2 CO s l will 
be (1 —a)b and the [LiCO s ] — c(a — 0 ). 

Equivalent 

concentration. 

h -p 2c. 

338 x ICr 3 

363 

364 
386 
406 
706 
818 


0. 

0-295 

0*285 

0-285 

0-275 

0-267 

0*187 

0-165 


6-j-c. 

b. 

a. 

[HOOJ. 

c. 

169 10~ 3 

0 

0-75 

0 x 10- 

169 x 10“ 3 

224 

85 

0-72 

61-2 

139 

215 

66 

0-72 

47-5 

149 

248 

no 

0-71 

78-1 

138 

282 

15S 

0-70 

110-6 

124 

635 

570 

0-595 

339-0 

65 

773 

728 

0-56 

407-7 

45 

[CO*]. 

[Li.] 

[LiM 

[Li] x 2 [CO s ], 

■ [Lnx*[C0 3 ] 

49-85 x 10 

- 3 176-5 x 10 -3 99-7 xl0~ 3 1-553 xl0~ 3 0-495x 10- 

39-60 

200-9 

140-4 

1-598 

0-780 

42-50 

197-3 

132*5 

1-654 

0-740 

37-9 

214*0 

153*9 

1*736 

0-89 

33-2 

230-6 

177*0 

1-765 

1-04 

12*1 

389-9 

363*2 

1-84 

1*59 

7-42 

441-2 

422-5 

1-46 

1-32 ' 


On the assumption of an intermediate ion, the value of 
[Li] 3 x [CO.J is fairly constant, whereas on the other assumption 
there is no constancy until the effect of the intermediate ion 
becomes negligible. It will be found that although [Lip x [CO s ] is 


approxim ately constant, 
that =w 


the non-ionised [LLCQo] diminishes, 


increases. 


Since 


= ki> 


is 


[HMD 0 -?] 

[LiGOjj] 

143), it follows that the pro- 
approximately constant. It 


[LigCOg] 

roughly constant * (see this voh, p. 
duct [Li] x [LiC0 3 ] must also be 
seems, therefore, that it is the non-ionised molecule that does not 
follow the law of mass action, or of which the concentration is not 
a true measure of the active mass. These experiments indicate a 
line of research which is worth pursuing by experiments in which 
all the conditions are accurately controlled. 


VOL. €XX. 


Q Q 





996 


SEYLER AYD LLOYD : 


Calcium Carbonate. 


Stiegiitz {Carnegie Institution Pub., 1909, Xo. 107) and McCoy 
and Smitli (J. Aimer. Chem. Soe 1911, 33, 468) have calculated 
the solubility product [Ca] x [C0 3 ] = h l of calcium carbonate from 

the value of 2^[Ca]x[CO a ] obtained by Sehlcesing (or by McCoy 
and Smith). 

Stiegiitz used the value h s = 8‘9 x 10"* ^ and McCoy and Smith 
5*5 x 10” 11 . 


It has been shown (Part- II., h>c. eit.) that these values are prob¬ 
ably too high. We found the values Z*o. = 4*27 x 10“ H , = 7124 

hs 

and = 19*2 x IQ**" 5 . Consequently, the value of [Ca] x [CO s ] = l\ 

obtained by Stiegiitz and by McCoy and Smith is too high. Taking 
the result of McCoy and Smith's experiments, we have 

2 ^ = 102-5x10-8, whence [Ca] x [C0 3 ] = £ x = 71-9 x 10" 10 at 25°. 

McCoy and Smith calculated it to he 93 x IQ"* 10 and Stiegiitz 
126 x 10“ 10 . 

This high result explains why the calculations of the solubility 
of calcium carbonate in pure water have hitherto been materially 
larger than the value found by experiment. 

McCoy and Smith, for instance, calculated it to be 16*6 x 10" 5 
gram-molecules per litre at 25°, whilst Kendall (Phil. Mag., 1912, 
[vi], 23, 958) found only 14*33 xl0~ 5 . 

We recalculate it on a basis of [Ca] x [C0 3 ] = 71*9 x 10~ 10 , as 
follows: The pure calcium carbonate is largely hydrolysed at this 
dilution, thus; 

CaC0 3 ~r 2 Hot) - Ca(OH), + Ca(HC0 3 ) 2 , 
where the concentration [HCO s ]==[OH]. Therefore 

[Ca] = [C0 3 ] + 4^] + M=[C0 3 ] + [HCOJ. 

Also 

[HCO g ] x [OH] _ k w _ [HCO,] 2 
[COJ - h \ LOOJ * . 

If 100a; is the percentage of the calcium carbonate hydrolysed, 
[HCO s ] = a-[Ca], 

[COg] = (1 — «)[Ca], 

5L[Ca] = b° =1 ' 92x 1°“ 4 - 

X —■ £35 kf g 

But [Ca] x[COj] = [OftP(l-e) = 71'9 xlO-M. 



STUDIES OF THE C ABB OH ATE S. PART HI. 


997 


v e have two equations for [Ca] and x which are satisfied by 
a] = 14*6 x 10" 5 and # = 0*686; that is to say, the solubility of 
calcium carbonate will be 14*6 x 10“ 5 gram-molecules per litre, of 

which two-thirds will be hydrolysed. The alteration of ^ to 

h 

1*67 x 1G" 4 will make very little change. [Ca] will become 
14*24 x 10“ 5 and # = 0*645. 

The solubility of calcium carbonate, using normal air, can also 
be calculated: 


[HCO ,] 2 

[C(J s J.[II 2 C0 3 ] 

Therefore, 


7124 [Ca] x [C0 3 ] = 71*9 x 10“ 10 [HCO.J = 

2([C a ] - [C0 3 ]). 


([Qa] - [C0 3 ] ) 2 _7124 

[CU 3 ] 4 


[H a COJ. 


For air containing 0*037 per cent, of carbon dioxide [H 2 C0 3 ] at 
25° will be 1*221 x 10~ 5 . This will give [a] = 54*7 x 10" 5 , but Ken¬ 
dall found considerably less. His result appears to be low. In an 
experiment conducted at about 15° it was found that after twenty- 
eight days the solubility of powdered limestone suspended in water 
through which air from outside the laboratory was drawn was 
33*7 x 10r 5 . After sixty-nine days it rose to 54*2 x 10" 5 , and after 
two* hundred and forty days to 57*5 x ICM, so that equilibrium is 
only slowly reached. 

Assuming 0*033 per cent, of carbon dioxide in the air, [EuCGo] 
at 15° = 1*475 x IQ -5 . This will give [a] = 58*2 x IQ" 5 , against 
57*5 x 10” 5 found. 

, For air containing 0*0333 per cent, of carbon dioxide, Schloesing 
found (at 18°) 54*88 x 10-*. 

The solution of the carbonate in equilibrium with air was found 
to have a slightly alkaline reaction to phenolphthalein. (For a full 
discussion of the subject, see Johnston and Williamson, J. A mer. 
Ghem. /She., 1916, 38, 975.) 


M agues') u m Garb ox ate. 

Bodlander has calculated the ratio 
[Mg] x [ HCO g ] 2 _ 

[H.COJ 

from Engel’s experiments on the solubility 


WmsMco.,]. 

A S 


of crystallised 


magnesium carbonate', Mg€0 3 ,3H 2 0, in water containing carbonic 
acid under pressures of from J to 6 atmospheres. At these* tensions 
the carbonate is a stable solid phase. The difficulty presents itself 
that the carbonate, unlike calcium, barium, or strontium carbon- 
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ates, is not- sparingly soluble. Engel states that it is soluble in | 
water to the extent of 11'5 x 10~ 3 gram-molecules per litre at 12" 
and Bocllander ass uni es that 56 per cent, is dissociated, giving a 
concentration of 5'06 x IQ -3 for the non-ionised part, which Bod- 
lander deducts in calculating the concentration of the magnesium 
and hydrogen carbonate. However, this is erroneous. Crystallised 
magnesium carbonate has no definite solubility in pure water. It 
is decomposed into basic compounds, and the solution contains 
magnesium hydrogen carbonate with a certain amount of ionised 
and non-ionised carbonate. 

The magnesium in solution depends on the ratio of water to solid 
employed, and the equilibrium takes some time to reach completion. 
The following results bearing on this question were obtained. The 
total carbonic acid was determined by I) it tin arts £ vacuum method J 
(■' Quantitative Chemical Analysis,p. 227) used by him for sea¬ 
water, the f fixed' carbonic acid by tit-ration with methyl-orange as 
indicator: 


Time 

(days). 

Water Cms 

Solid ‘ 2 * 

CMg(HCG 3 )2 

2 

CMgCO ;i . 

[COJ 

[Mgor 

in solids 

[HgCOjJ. 

440 

unknown 5*98x10' 

" 3 1*5S x 10“ 3 

2*20x10’ 

■3 0*775 


440 

370 8*48 

3*48 

2*50 

0*772 


— 

15*96 

10*21 

2*87 

— 

0-0103x10-’ 

335 

unknown 31*0 

22*15 

4-57 

0*79 


47 

17 47*5 

34*1 

6*70 

0*84 


338 

unknown 48*9 

33*9 

7*50 

— 


47 

8*5 60*0 

46*6 

6*70 

0*79 


47 

2*0 76*62 

63*5 

6-56 

0*79 



The subject deserves careful investigation, but it is evident that 
the carbonate below a certain tension of carbonic acid is decom¬ 
posed until the solid phase is not far removed from hydromag-' 

nesite, 3MgC0 3 ,Hg(0H) i ,3H : ,0 (ratio, AY l. = 0-75'), which is, 

stable over a fairly wide range of concentration of carbonic acid. 
The magnesium remains in solution largely as hydrogen carbonate, 
with a proportion of carbonate both ionised and non-ionised. The 
main reaction is, approximately 

5MgCO s + 2H,0 = 3MgC0 3 ,Mg(0H) 3 4- Mg(HC0 3 ) 2 . 


Consequently, the greater the amount of magnesium carbonate in 
relation to the water the greater is the concentration of the solu¬ 
tion. The dissolved carbonate with increasing concentration (and 
when'sufficient time is allowed) becomes nearly constant at a value 
about 7*5 x 10~ 3 gram-molecules per litre. This is probably almost 
entirely non-ionised. The- following experiments show that mag¬ 
nesium carbonate is only slightly ionised, even at high dilutions. 

Air was drawn through water containing magnesium carbonate' 
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iii suspension at 25°. The percentage of carbonic acid in the air 
was determined by drawing it through an A/10-solution of sodium 
carbonate and determining the proportion of hydrogen carbonate 
and carbonate. 

Total magnesium in solution = 15*96 x IQ- 3 gram-equivalents per 
litre. Hydrogen carbonate —63*97 per cent.; carbonate = 36*03 per 
cent. Concentration of free carbonic acid = 0*0103 x 10~ a : 




10 * 21 2 

2*87 x 0 0103 


= 3520. 


A similar experiment was made with a solution of about the same 
concentration, but no solid was present. 

Total magnesium in solution = 18*65 x 10grain-equivalents. 
Hydrogen carbonate = 60*48 per cent.; carbonate = 39*5*2 per cent.: 


1T2S 2 


3*42 x 0*0103 


= 3612. 


The mean value of Z* e is 3566 for a concentration of 17*3 x 10~ 3 
equivalents. Taking the ionisation of the magnesium hydrogen 
carbonate as equal to that of magnesium nitrate, say, 0*84, we cal¬ 
culate ft as follows: 


3566 
P 7124 


a 2 = 0-353. 


Evidently even at an equivalent concentration of 17*3 x 10” 3 
magnesium carbonate is only slightly ionised. From the above 
experiments w© calculate the relation: 


[Mg] x [CO;,] 

' [MgCOg] 


= 5-5 x 10~ s . 


It would be possible by careful experiments to determine ft for 
higher concentrations, but it is evident that at such concentrations 
as obtained in Engel’s experiments the magnesium carbonate will 
be practically non-ionised. Some experiments of Treadwell and 
Reuter (Zeitxch. anorcj. Chc?n., 1898, 17, 200) are unfortunately 
not available for calculating j6, since the solutions are not in true 
equilibrium with the gaseous phase, but they show that beyond 
concentrations of magnesium of 50 x 10“ s equivalents the amount 
of carbonate is practically constant. The maximum value is 
9*0 x 10“ 3 gram-molecules per litre. We will take this as the con¬ 
centration of the non-ionised carbonate in Engel's experiments. 
These were carried out at 12*5°. The concentration of the free 
carbonic acid has to be calculated from the pressure, which is not 
strictly correct for carbonic acid: 
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Pressure. 

Atmo¬ 
spheres. CMg — 9). 

a. 

[Mg]. 

[HCOJ. 

[HsCaj. 


0-5 245 >. 10“ 3 

0-686 

108*1 x 10“ J 

336*2 x 10- 

- 3 21-55 x 1Q“ 3 

88*17 

1-0 318 

0*680 

219-8 

429*6 

41*80 

94*80 

1*5 374 

0*675 

252*4 

504*8 

60*9 

105*6 

2*0 407 

0*672 

273*5 

547*0 

79*8 

102*5 

2-5 435 

0-670 

291*5 

583*0 

99*75 

99*3 

3*0 456 

0*869 

305*0 

810-0 

116-4 

97*5 

4*0 509 

0*686 

339*0 

678-0 

151*6 

102*8 

6*0 80S 

0*682 

399*2 

79S-4 

217*2 

117*2 


Mean... 100-57 


The concentration of the CO ;j ion is calculated from the relation: 


[ooj 


[HCOJ- 
[H 2 C0 3 ] x 7120' 


From these figures we may calculate the value of the “ solubility 
product,” [Mg] x [C0 3 ], namely, 141*2 x 10 _G . 

These estimates of the “ solubility product ” must be subject to 


correction for the value of which is strictly only known for 25°. 

h 


Conclusions, 

(1) Lithium carbonate is ionised tG the same extent as sodium 
carbonate. The ionisation takes place in two stages, Li 2 C0 3 = Li + 
LiCG s and LiCO s = Li-f CO a . Consequently, the concentration of 
the lithium ion is more than double that of the CO s ion, and can 
be calculated. If this is done, it is found that the “ solubility 
product,” [Li] 2 x [CO s ], is practically constant over a wide range, 
thus confirming the assumption made. 

(2) The solubility product of calcium carbonate, [Ca] x [C0 3 ], is 
about 71*9 x IQ- 10 , and has hitherto been put at too high a value. 
It is shown that this agrees with a solubility of calcium carbonate 
in pure water of [Ca] = 14*6x 10“ 5 , and that the salt is hydrolysed 
to the extent of 68 per cent. 

(3) Crystallised magnesium carbonate has no definite solubility 
in pur© water. It decomposes into basic carbonates and magnesium 
hydrogen carbonate, whilst a certain amount of carbonate is also 
dissolved. ■ Over a wide range, the reaction approximates to 
5MgC0 3 + 2H 2 0 = 3MgC0 3 ,Mg(0H) 2 + Mg(HC0 3 ) 2 . The larger the 
amount of carbonate in relation to the water the larger is the 
amount of dissolved hydrogen carbonate, but the carbonate tends 
to reach a Hunt. 

(4) It is shown that at an equivalent concentration of 17*3 x 10" 3 
magnesium carbonate is only ionised (as regards the C0 3 ion) to the 




INTERNATIONAL ATOMIC WEIGHTS. 


1001 


extent of about 35 per cent., and probably at high concentrations 
it is only very slightly ionised. 

The “ solubility product ” of magnesium carbonate at concentra¬ 
tions of free carbonic acid at which the carbonate is a stable solid 
phase lias been calculated from Engel’s experiments, and is found 
to have the value 141 x 10~ 6 . 

[Received, August 2oth, 1917.] 


International Atomic Weights. 

The Council has ordered the following letter and Table to be 
printed in the Journal of the Society: 


Whinfield, 

Sal combe, 

S. Devon. 

October 1st, 1917. 

Dear Sirs, 

I beg to inform you that the International Atomic Weight 
Committee have decided to intermit their Annual Reports, owing 
primarily to the fact that certain of its members are largely 
occupied with matters arising out of the War, and that it lias 
been found difficult owing to the interruption of communications 
to keep in correspondence. Furthermore—and this is the more 
important circumstance—practically all experimental work on 
the subject of Atomic Weights is for the time being interrupted; 
indeed, with the entrance of the United States of America into 
the War, it may be said to be for the present wholly at an end, 
and no memoir of importance has made its appearance since the 
issue of 'the last Report. 

As no change has been shown to be required in the Table last 
published, it is suggested that it should be reprinted as it stands 
and regarded as current for 1918. 


The Hon, Secretaries, 

The Chemical Society , 
Burlington House , 
London , IF. 


I am, Gentlemen, 

Your obedient Servant, 

T. E. Thorpe. 
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1918 . 

International Atomic Weights, 



Symbol. 

Atomic 

weight. 


Symbol, 

Atomic 

weight. 

Aluminium. 

.. Al 

271 

Molybdenum ...... 

.. Mo 

96*0 

Antimony. 

.. Sb 

120*2 

Neodymium. 

.Nd 

144*3 

Argon ............. 

.. ... A 

39*88 

Neon. 

.Ne 

20*2 

Arsenic . 


74-96 

Nickel . 

..Ni 

58*68 

Barium... 


137-37 

Niton (radium emanation) Nt 

222*4 

Bismuth .. 

. Bi 

208*0 

Nitrogen . 

.N 

14-01 

Boron . 

.B 

11-0 

Osmium . 


190*9 

Bromine .......... 

.Br 

79*92 ! 

Oxygen. 

..O 

16-00 

Cadmium. 

.Od 

112-40 j 

Palladium... 

.Pd 

106-7 

Caesium.. 

.Cs 

132-81 

Phosphorus ........ 

.P 

31*04 

Calcium . 

.Ca 

o 

o 

Platinum. 

.. Pt 

195*2 

Carbon .. 

.C 

12-005 ! 

Potassium. 

.K 

39-10 

Cerium. 


140*25 

Praseodymium. 

.Pr 

140*9 

Chlorine . 

.Cl 

35*46 

Radium. 


226*0 

Chromium . 

.Or 

52*0 

Rhodium. 

.Rh 

102*9 

Cobalt . 

.Co 

6S-97 

Rubidium. 

.Rb 

85*45 

Oolumbxum. 

.. Cb 

93*1 

Ruthenium ........ 


101*7 

Copper. 

.Cu 

63*57 

Samarium.. ... 

.Sa 

150*4 

Dysprosium...... 

.Dy 

162*5 

Scandium.. 

. Sc 

44-1 

Erbium . 

.Er 

167-7 

Selenium. 

. Se 

79-2 

Europium.....,..., 


152*0 

Silicon ... 

..Si 

28*3 

Fluorine . 

.F 

19*0 

Silver . 

.Ag 

107*88 

Gadolinium ...... 

.. Gd 

157-3 

Sodium.. 

.Na 

23*00 

Gallium . 

„ .Ga 

69-9 

Strontium . 

.Sr 

87*63 

Germanium . 

...Ge 

72*5 j 

i Sulphur* . 

.. S 

32*06 

Glucixram.. 

.G1 

9*1 | 

1 Tantalum . 

.Ta 

181*5 

Gold... 

.Au 

197*2 ; 

: Tellurium.. 

.. Te 

127*5 

Helium. 

.He 

4*00 ; 

Terbium .. 

.Tb 

159*2 

Holmium.. 

..Ho 

163-0 j 

Thallium. 

.... . T1 

204*0 

Hydrogen. 

.. H 

1-008 ! 

Thorium . 

. Th 

232*4 

Indium. 


114*8 

Thulium . 

.Tm 

168*5 

Iodine . 

. I 

126*92 

Tin . 

.Sn 

118*7 

Iridium..... 

..Ir 

193*1 

Titanium. 

.Ti 

481 

Iron .. 

.. Fe 

55*84 

Tungsten.. 

.......... W 

184*0 

Krypton .. 

.Kr 

82*92 

Uranium ... 

u 

238*2 

Lanthanum ...... 

... La 

139*0 

Yanadium . 

. V 

51*0 

Lead... 

.. .....Pb 

207‘20 

Xenon ... 

.. Xe* 

130*2 

Lithium 

. ......Li 

6-94 

Ytterbium (Neoytterbium) Yb 

173*5 

Lutecium.. ...... 


175-0 

Yttrium .. 

.Yt 

88*7 

Magnesium ..... 

... Mg 

24*32 

Zinc ... 

.. Zn 

65*37 

Manganese ..... 
Mercury ... 

............. Mn 

.Hg 

54*93 

200*6 

Zirconium.,..,..... 

i 

. Zr 

90*6 
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LXXXVX.— The Temperature of Ignition of Gaseous 

Mixtures . 

By James Wallace McDavid. 

Numerous methods for the. determination of the ignition-tempera¬ 
ture of gaseous mixtures are to be found in the literature, and 
.these have already been classed into three groups by Dixon and 
Coward (T., 1909, 95, 514) in their paper on this subject. 

The- experimental conditions governing this division are as 
follows: ■ 

I. A bulb containing the gaseous mixture was plunged into a 
bath which was maintained at a constant temperature. 

II. A mixture of the gases was passed through a tube in a bath 
which was gradually being heated. 

III. The gaseous mixture was compressed adiabatically, and 
from the pressure required to ignite it, the temperature of the mix¬ 
ture at the ignition-point was calculated. 

In each of the above methods, the gaseous mixture is retained 
in the state necessary for ignition for some considerable time, and 
it is quite possible, therefore, that before the ignition-temperature 
is reached a state of slow combustion ensues . which generates 
sufficient heat to raise the remainder of the gaseous mixture to its 
ignition-point. 

With regard to the third method, which was that used by Falk 
(/. Amer . Chem. Soc., 1906, 28, 1517; 1907, 29, 1536), Dixon 
and Coward point out that the temperature of ignition of a 
gaseous mixture under abnormal pressure may be totally different 
from that of the same mixture under normal pressure. 

In the method adopted by Dixon and Coward, the two gases 
were allowed to flow through two concentric tubes, which were 
heated in an electric furnace, and allowed to mix at the top of 
the shorter (inner) tube. A thermo-couple was placed near to 
the nozzle of the inner tube. In these experiments, in addition 
to the time factor, the fact that the gases are flowing must also 
be taken into consideration, and the results obtained by these 
authors show that the rate of flow and the size of the nozzle of 
the inner tube affect the results; for example, when the rate of 
flow of hydrogen was very slow, namely, 2*4 c.c, per minute, and 
the rate of flow of oxygen was 50 c.c. per minute, the temperature 
of ignition was 792°, whilst when the rate of flow of hydrogen 
was 19 c.c. per minute, oxygen still flowing at 50 c.c, per minute, 
the ignition-temperature was found to be 599°, These authors, 

VOL. CXI. B R 



1004 


McBAVID : THE TEMPERATURES OF 


however, give in their paper a definition as to what they have 
taken as the temperature of ignition 

It seems that it is advisable to eliminate as far as possible the 
time factor in determining the ignition-temperature, and it is 
also preferable to have a stationary volume of gas. 

In table I the results obtained by various workers for several 
gaseous mixtures are given. 


Table I. 


I ffnif t minratnrv# of Different Gaseous Mi stuns. 


Oases, 

Observer. 

Before nee. 

Temperatures 
of ignition 
found. 

Hydrogen and 

Meyer, Krause, 

Annalen, 1801, 264, 85 ; 

5IS—600 u 

Oxygen. 

Askenasy. 

Mil., 1892,269, 49, 2421 


? j m 

Bodenstein. 

Zeitseh. physikctl. Ghem., 
1893,11, 28. 

Ibid., 1899, 29, 605. 

053—-710 

?!* >3 

Meyer and Freyer 

Ber., 1892, 52, 662 

700 

33 55 

Gautier and Heller 

Oompt . rend ., 1896, 122, 

840 

3? 33 

BA Her 

556 

Ann. Ohim. Phys 1897, 

845 


Falk 

[vii], 10, 521. 

J. Amer. Ghem.Soc.A90Q, 

514—540 


Dixon and Coward 

28- 1517; 1907, 29, 

1536. 

T., 1909, 95, 514 

580—590 

Methane 1 and 

Meyer and Freyer 

Zeit-seh . phydkal. Ohctn 

000—650 

Oxygen. 

Meyer and Munch 

1893, 11, 28. 

Ber., 1893, 26, 2421 

(',50—078 

9 9 99 

Dixon and Coward 

loc . cit. 

550-—700 

Ethylene and 

Moyer and Freyer 

33 

530—00(5 

Oxygen. 

Meyer and Munch 


577—590 


Dixon and Coward 

« : ■„ 

500—519 

Carbon mon¬ 

Meyer and Freyer 

97 

050—730 

oxide- and 

oxygen 

9 9 9) 

Meyer and Munch 

79 

Combined 

9 9 ff 

Dixon and Coward 

JS 

quietly 
637, 658 


The methods now described eliminate, so far as is practically 
possible, the time factor. The temperature of ignition in these 
experiments is taken to be that temperature to which the gaseous 
mixture must be heated by the application of a hot body, so as 
to cause instantaneous ignition. 

The temperature of ignition has in the present work only been 
determined for various gases when mixed with air. Dixon and 
Coward have, however, shown that there is very little difference 
in the temperature found when air or, oxygen respectively is 
employed. 



XGXJTTOX OF GASEOFS MIXTURES. 


1005 


The lirst set of experiments described below was originally 
undertaken with a view to obtain comparative values for the 
temperatures of ignition of various gases, but the results seemed 
of sufficient value to warrant further work being carried out. As 
a consequence, numerous variations and improvements were intro¬ 
duced, and finally a method was devised which was simple, rapid, 
and capable of giving accurate results 

Details of all the variations of the method have, however, been 
included, as several of them appear to be useful for comparative 
purposes at least, although not sufficiently accurate for the deter¬ 
mination of absolute values. The results obtained by the method 
finally adopted for the ignition-temperatures of the various gases 
tested are given below: 


Coal gas-air . S78 D 

Ethylene-air. 1000 

Hydrogen-air . 747 

Carbon monoxide-air . 93 L 

Petrol (fraction 0—SOp-air . 995 

Benzeno- air . 1002 

Ether-air . 1038 


Experimental. 

The essence of the method employed in the following experi¬ 
ments consists in the ignition of a small volume of the gaseous 
mixture contained in a soap bubble by means of an electrically 
heated wire or other red-hot body, the temperature at which 
ignition just takes place being noted. 

A quantity of the gas to> be experimented on was mixed with 
air and made up to the required concentration in a 10-litre gas 
holder. To the outlet tube of the holder was attached a piece 
of capillary tubing terminating in a bulb tube, shaped like the 
head of an ordinary tobacco pipe. This tube when not in use 
dipped into a solution of sodium oleate and glycerol in water. 

The apparatus employed for igniting the gas consisted of a 
platinum wire measuring about 0*025 cm. in diameter, which was 
wound evenly round a small thin-walled silica tube. A thermo¬ 
couple made of platinum-rhodium which had previously been care¬ 
fully standardised against a standard pyrometer was passed 
through the inside of the silica tube so that the thermo-junction 
was in the centre of the tube. The terminals of the thermo¬ 
couple were connected to a rail li voltmeter, from which the 
temperature could be read oh. The experiments were carried out 
in a darkened room, as in some cases the flame of the ignited gas 
was almost invisible in daylight. 

The procedure was as follows: When all the connexions had 
been made, the heating current, which could be varied by means 

R E, 2 
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of a rheostat, was switched on. When the temperature, as 
indicated by the nnllivoitmeter was constant, the tap of the gas 
holder was opened, and the mixture, flowing through the pip© 
stem and soap solution, produced a bubble. The tap was closed 
and the bubble still on the end of the pipe was placed in contact 
with the hot coil. Ignition was instantaneous, and was usually 
accompanied by a slight explosion, but in some cases this was so 
faint as to be detected only with difficulty. The temperature was 
varied over 60—80° until a sufficient number of readings had been 
obtained. 

The gases employed in the first instance were prepared as 
follows: 

Hydrogen .—Prom pure zinc and sulphuric acid. 

Methane .—By the action of a zinc-copper couple on methyl 
iodide. The gas was passed through a tube containing more of 
the zinc-copper couple in order to free it from methyl iodide 
vapour. 

Ethylene .—By passing alcohol vapour over heated aluminium 
oxide. The gas obtained contained 9 per cent, of methane. 

Goal Gas .—Samples were taken from time to time from the local 
gas supply. 

FetroL —Commercial petrol was fractionated, and 2 c.c. of the 
fraction boiling between 0° and 80° were vaporised and made up 
to 10 litres with air. 

Benzene and Ether .-—Pure chemicals were used, and vaporised 
as in the case of petrol. 

The results found are given in the following tables. 

Table II. 


Comparison of Coal Gas-Air and Methane-Air Mixtures: 
90“5 per cent, of Air in Mixture , 

Rotherham gas. Ardeer coal gas. Methane. 


Temper¬ 

ature. 

Result, 

Temper¬ 

ature. 

Result. 

Temper¬ 

ature. 

Result. 

760° 

No ignition 

760° 

No ignition 

840° 

No ignition 

760 

780 

Ignition 

860 


765 


780 

No ignition 

865 

ft 

780 


780 

J 5 

870 


790 

it 

790 

JJ 

880 


790 


790 

> 9 

Ignition 

880 


795 


795 

880 


800 

Ignition 

795 

880 


805 

,, 

800 

No ignition 

880 

Ignition 

805 


SOO 

Ignition 

880 

810 


800 

?? 

880 


810 

3»5 

800 

55 

sso • 


830 

55 

S10 


890 


840 


820 

53 

920 

55 


Temp, of ignition = 800°. Temp, of ignition = 800°. Temp, of ignition—880°. 
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Table Ill. 

Comparison of Goal Gas , Methane, and Hydrogen-A ir Mixtures: 
86*5 per cent , of Air Present. 


Rotherham coal 



gas. 

Ardeer coal gas. 

Hydrogen. 

it 

letb ane. 

^Tem¬ 


Tem¬ 


Tem¬ 


Tem¬ 


per¬ 


per¬ 


per¬ 


per¬ 


ature. 

Result. 

ature. 

Result. 

ature. 

Result. 

ature 

Result. 

780° 

No ignition 

800° 

No ignition 

070° 

No ignition 

800° 

No ignition 

785 

?? 

800 

99 

080 

9 9 

870 

9 9 

785 


805 


oso 

99 

875 


800 

9 9 

805 


090 

99 

875 

Ignition 

800 

99 

805 

Ignition 

090 


880 

No ignition 

800 

Ignition 

810 

No ignition 

GOO 

Ignition 

885 

Ignition 

800 

99 

No ignition 
Ignition 

810 

(590 

885 

,, 

805 

S10 

Ignition 

090 

No ignition 

890 

,, 

SI 5 

810 

700 

900 

,, 

815 

810 

700 

Ignition 

010 

SI 



815 

,, 

700 





820 


710 

No ignition 





820 


710 

Ignition 







710 

,, 







720 




Temp, 

. of ignition 

Temp 

. of ignition 

Temp, of ignition 

Temp, of ignition 


= 805°. 


=* 810°. 


= 095°. 


- 8S5 U . 


Table IV. 

Comparison of Petrol and Ethylene-Air Mixtures . 


Mixture of 2-0 c.c. petrol (0—SO 0 ) 


Mixture of 9-1% C S H 4 , 0*9% OH.,, 
and 90% air. 

vaporised and made up with 
air to 10 litres. 

- - 

Temper¬ 

No. of 


Temper¬ 

No. of 

-^ 

ature. 

readings. 

Result. 

ature. 

readings. 

Result, 

845° 

1 

Ignition 

900° 

3 

Ignition 

840 

2 

77 

S90 

3 

97 

880 

7 


880 

G 


825 

8 

77 

880 

7 

No ignition 

825 

1 

No ignition 

875 

2 

Ignition 

820 

4 

Ignition 

875 

5 

No ignition 

820 

12 

No ignition 

870 

5 

9 9 

815 

810 

3 

3 

805 

2 

99 


Temp, of ignition = 825°, Temp, of ignition = 885°. 

A second series of experiments was carried out in which the 
heating coil was replaced by a semi-cylindrical piece of iron, about 
3*75 cm. long by 1*9 cm. in diameter, covered round the circum¬ 
ference with thick asbestos cloth (No. 1 iron block). Running 
down the centre of the flat surface and about 0*08 cm. under the 
surface was a small hole to carry the thermo-couple. The block 
was hung by two platinum wires from a stand. , It was then 
heated until about 50° above the required temperature, when the 
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blowpipe was removed and bubbles of gas were brought into con¬ 
tact with the red-hot surface while the latter was cooling. "When 
the temperature became too low for ignition to take place, the 
block was simply heated again and the procedure carried out as 
before until a sufficient number of readings had been obtained. 

An improvement was made in No. 2 block by boring a small 
hole in the centre of the flat face. By this means, the thermo¬ 
couple became exposed to the air, and since it lay close to the 
surface it ought to give a comparatively true figure for the 
temperature of the igniting surface. Tables V—VIII give com¬ 
parative results found by the above three methods. 


Table V. 

Comparison of Iron Block and Electric Coil Method unfit 13'5 
'per cent . Coal Gas—Air Mixture. 


Electric coil method. Iron block (Vo. 1 Block) method. 

, -. n ■■ A __ _ .-.- .. 1..-.-. 


Temper¬ 

Vo. of 


Temper¬ 

Vo. of 


ature. 

readings. 

Result. 

ature. 

readings. 

Result. 

770* 

a ” 

No ignition 

720* 

1 " 

No ignition 

77 5 

.> 

■ 

730 

2 


780 

4 

y f-3 

740 

*> 

' 

7 SO 

2 

Ignition 

750 

2 

.. 

78 a 

1 

Vo ignition 

700 

1 

Ignition 

785 

1 

Ignition 

7 05 

1 


700 

1 

No ignition 

770 

1 

? * 

700 

3 

Ignition 

790 

2 


795 

1 


800 

■i 

99 

soo 

1 


810 

1 


810 

1 

»<* 





Temp, of ignition = 7Sob 


Temp, of ignition — 700°. 


Table VI. 


Comparison of Electric Coil and Iron Block Method: 15 per 
cent, of Hydrogen- irith Air. 



Electric coil. 

No. 1 iron block. 

N 

o. 2 iron block. 

Tern- 

No. of 

Tem- No. of 


Tem- 

IzJ 

p 

o 

j-n 


per- 

read- 

per- read- 


per- 

read- 


at are 

iiigs. Result. 

aturc ings. 

Result. 

ature 

ings. 

Result. 

690° 

2 Ignition 

720° 6 

Ignition 

705° 

2 

Ignition 

6S5 


710 9 


700 

4 

,, 

080 

3 

705 3 


695 

3 


075 

*> 

705 3 

No ignition 

690 

4 

,, 

075 

3 No ignition 

700 7 


685 

3 


f>70 

4 

695 3 


680 

2 


665 

1 

<190 3 


680 

6 

Vo ignition 

660 

I 



675 

o 






670 

6 






665 

1 



*Teiup. of ignition —080°. Temp, of ignition = 705°. Temp, of ignition----. 085. 
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Table VII. 

%• 

Mixture of Two Volumes, of IIydroyen with Fire Volume# of Air: 
Two Senes Carried Out with No. 2 Iron Bloch. 


Temper¬ 

ature. 

No. of 
readings. 

He suit. 

Temper¬ 

ature. 

No. of 
readings. 

Result. 

730° 

3 

Ignition 

730° 

2 

[motion 

720 

O 


725 

i 


715 

1 


720 

3 


710 

2 


715 

I 


705 

1 


710 

5 


700 

1 

n 

No ignition 

700 

2 


700 

1 

095 

•> 

No ignition 

095 

3 

090 

4 


090 

1 

-» n 

085 

1 

** 

085 

1 


080 

2 

* * 

680 

1 

•• 

070 

1 

» 


Temp, of ignition — TOO'. Temp, of ignition = 700“. 


Table VIII. 


Comparison of Electric Coil and Iron Bloch Methods: 13*5 per 
cent. Mixture of Co<d Gas with A ir. 

Electric coil. No.l iron block. No. 2 iron block. 


Tern- No. of 
per a- read- 
ture. ings. 

Result. 

Tem¬ 

pera¬ 

ture. 

No. of 
read¬ 
ings. 

Result. 

Tem¬ 

pera¬ 

ture. 

No. of 
read¬ 
ings. 

Result. 

785° 0 

Ignition 

810° 

0 

Ignition 

S00° 

3 

Ignition 

782 3 

805 

1 

795 

1 

s» 

780 3 


soo 

1 


790 

3 


775 3 


795 

3 


785 

o 

.. 

775 1 

No ignition 

795 

2 

No ignition 

780 

2 


772 2 

Ignition 

790 

1 

Ignition 

775 


99 

772 5 

No ignition 

790 

3 

No ignition 

770 

O 

99 

770 3 

785 

1 


770 

1 

No ignition 

70S 3 

Ignition 

780 

4 


765 

3 

Ignition 

765 l 

775 

3 

>> 

765 

3 

No ignition 

7155 3 

700 I 

No ignition 




760 

755 

750 

3 

1 

2 

” 


Temp, of ignition —775°. Temp, of ignition=795°. Temp, of ignition — 765°. 


From the results given in tables II—-VIII, it will be observed 
that the method gives a very sharp ignition-point, and since the 
time taken to determine the temperature of ignition of any mix¬ 
ture was only about fifteen minutes, it is evident that for purposes 
of comparison at least the method is very suitable. 

It will also be noted from the above results that the concentra¬ 
tion of the explosive gas has, within the explosion limits, no effect 
on the temperature of ignition. 

As, however, the rate of cooling in the,iron block method'was 
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very rapid, the method was not very satisfactory for the purpose 
of obtaining absolute* values. Accordingly, it was discarded in 
favour of the method first described. Even in this method there 
are several factors that may affect the absolute value of the results 
whilst in no way affecting their comparative value. These factors 
are the cooling effect of the bubble, the presence of moisture in 
the gases, the catalytic action of the platinum wire, and the size 
of the silica tube. 

Dixon and Coward (loc. cit.) showed that the presence of 
moisture did not affect the ignition-temperature in the case of 
hydrogen and oxygen, and in several other cases the difference 
was very small. 

The cooling effect of the bubble need not be taken into account, 
as its mass -was very small compared with that of the heating 
source. Moreover, although it was found that variations in the 
size of the bubble gave small differences in temperature, this was 
probably due to a different cause, which is explained later. 

The chief defect in this method lay in the fact that the tempera¬ 
ture registered by the thermo-couple was probably slightly lower 
than that of the coil, since the former was separated from the coil 
by the thickness of the silica and a volume of air. It is, of course, 
obvious that the thermo-junction ought to be near to the centre 
of the tube and that the coil must be as evenly wound as possible, 
so that there may be no unequal heating. 

In order to study the effect of the size of the silica tube oil the 
temperature recorded by the thermo-couple, and, if possible, to 
obtain absolute values for the temperature of ignition of various 
gases, a large number of determinations was carried out. For 
this purpose, the gases employed were obtained in as pure a state 
as possible, and on analysis gave the following results; 


Hydrogen . 

Carbon monoxide 
Ethylene . 


Per cent. 
fH« = 99*6 
\C0 2 = 0-4 

fCO - 94*0 
\Air = 6*0 

/ C 2 H 4 = 93*8 
\Air = 6*2 


Methane (natural gas) 


dh 4 

= 95*36 

CO 

= 0*50 

c 2 h 4 

= 0*31 

H, 

« 1*43 

X 

= 2*40 


In making up the gaseous mixtures, allowance, was always made 
for the quantity of air present in the gas. 







IGNITION OP GASEOU S ^MIXTURES. 1011 

Table IX gives the dimensions of the various silica tubes 
employed in the determinations. These were drawn out as evenly 
as possible from ordinary silica tubing. 

The experiments were carried out in the same manner as before, 
except that the ends of the silica tubes were in all cases stopped 
up with asbestos fibre so as to diminish loss of heat within the 
tube by convection. Platinum and Eureka resistance wire were 
employed for making the ignition coils. The results found for 
hydrogen are given in table IX. 


Table IX. 


Showing Effect of the Size of the Silica Tube on the Temperature 
of Ignition of Hydrogen. 


Temperature of ignition of 
20 per cent, of hydrogen 
in air using 


No. of 

Thickness of 
wall of tube. 

Internal 

diameter. 

Length. 

r 

Platinum 

tube. 

(cm.) 

(cm.) 

(cm.) 

Eureka wire. 

wire. 

i 

0-055 

0-1575 

6 

682° 

712° 

2 

0-035 

0-1475 

6 

688 

712 

3 

0-030 

0-12 

6 

f 6901 
\695/ 

— 

4 

0-0425 

0-0775 

6 

f7i°] 

■1 712 l 

1712 J 

735 


5 

0-030 

0-075 

3 

_ 

6 

0-035 

0-075 

6 

726 

f 735\ 
\735/ 

7 

0-035 

0-095 

5*5 

— 

725 

8 

0*0275 

0-0775 

6*0 

735 

_— 

9 

0*0225 

0*065 

4*0 

735 

758 

10 

0*025 

0-065 

4*0 

735 

— 


It will be observed, in the first place, that for the same tube 
the figures found by using platinum are higher than those obtained 
when using Eureka wire, indicating a catalysing effect in the case 
of the latter. It is, however, probable that both substances exert 
a catalytic influence. 

It will also be noticed that as the thickness of the wall and the 
internal diameter of the silica tube decreased, the temperature of 
ignition increased. 

It was not found possible to make tubes of smaller size than 
No. 9, and it was therefore impossible to say whether or not the 
temperature given by No. 9 were a maximum. It seemed prob¬ 
able, however, that the temperatures found when using this tube 
were very near to the actual temperature of the heating coil. 

Accordingly, this tube wound with platinum wire was used to 

B R*' 
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determine tlxe temperatures of ignition of other gases, and the 
results found are summarised below: 

Hydrogen-air . 758° 

Carbon monoxide-air . 910 

Ethylene-air . 895—905 

Coal gas-air . 850 

Pefcrol-air ,. 960 

Methane-air ... No ignition below 1000°. 

In tables I and II the ignition-temperature of methane in air 
was found to be 880—885°, but the gas probably contained a con¬ 
siderable quantity of hydrogen. In order to verify this supposi¬ 
tion, the effect of adding different proportions of hydrogen to 
methane-air mixtures was studied, with the following results: 

Table X. 

Showing Effect of Hydrogen on the Temperature of Ignition of 
Methane and Air . 


Gaseous mixture. Temperature of ignition. 

1000 c.c. methane 1 

1000 „ hydrogen •. 796° 

8000 ,, air J 

1500 c.c. methane 'j 

500 ,, hydrogen. 1 . 835° 

8000 ,, air j 

1850 c.c. methane ) 

150 „ hydrogen l. No ignition up to 970°. 

S000 ,, air J 


It is thus evident that pure methane when mixed with air does 
not ignite below 1000°. This fact is interesting, and receives 
some confirmation from a statement in Brunswig’s “ Explosives 
(English edition, p. 55), in which it is stated that in the case of 
methane and air there is delayed ignition at 600° to 700°, but 
that instantaneous ignition does not take place below 1000°. 

The foregoing experiments, although interesting, were, however, 
not quite conclusive, but it was hoped that by making use of an 
instrument called the meldometer, invented by Professor Joly, 
corroboration of the above results would be obtained. 

This instrument consists essentially of an apparatus for measur¬ 
ing accurately the expansion of a platinum strip when subjected 
to heat. The strip, which is held between two arms, one fixed 
and the other movable, is heated electrically, and thus expands. 
Since the linear expansion in the case of platinum is almost 
directly proportional to the temperature, it is sufficient to note 
the length of the strip at one or two fixed temperatures in order 
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to find out by interpolation the temperature corresponding with 
any given length, of the strip. 

Unfortunately, the experiments carried out with this apparatus 
were unsuccessful. The strip was so very thin that when a bubble 
of the gaseous mixture was brought in contact "with it, slow com¬ 
bustion first ensued which raised the temperature of the strip 
until the latter glowed, and thus exploded the residue of the gas. 
The method of standardising this instrument, however, indicated 
a method of standardising the apparatus used in the first series 
of experiments described herein. The apparatus finally employed, 
the method of standardisation, and the results obtained are 
described below. 

The ignition apparatus in this final series of experiments con¬ 
sisted of a platinum coil wound regularly round two mica strips 
3 cm. in length by about O'3 cm. in width. These strips were 
notched along the edges so as to hold the wires in position, whilst 
between them, and thus insulated from the heating coil, was 
placed a platinum—platinum-rhodium thermo-couple. The 
wire used for the heating coil was about 0*025 cm. in diameter, and 
the pitch of the spiral was equal to about the diameter of the wire. 
The heating current was provided by storage batteries in order to 
obtain no fluctuations in the temperature, and the latter was varied 
by means of a sliding resistance. 

An ammeter was also placed in the circuit in older to measure, 
the current. 

The thermo-couple, which had previously been standardised 
against a standard thermo-couple, was connected to a millivolt- 
meter. It will be noticed later, however, that it was unnecessary 
to use a standardised thermo-couple; in fact, it was ultimately 
found that no thermo-couple was necessary, as the required results 
could be obtained by simply reading the ammeter. The apparatus 
was standardised in the following manner. 

Four salts the melting points of which were accurately known 
were selected and purified. A few crystals of each were ground 
to a powder, and a small quantity of this powder was deposited 
on the platinum spiral. The current was then turned on and the 
coil heated, the temperature being slowly raised until the salt just 
melted. A rough experiment was carried out first in each case to 
find out the approximate melting point, the determination being 
then repeated several times with great care. 

It was found when the melting points of the salts were taken 
from time to time during the experiments that the readings on 
the millivoltmeter varied considerably, but that the ammeter 
readings were practically constant for the same temperature. 

R K* 2 
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Tlie variation in tlie iniilivoltmeter readings may have been cine 
to various causes, for example, the alteration in zero point of tlie 
instrument, variation in room temperature, or to the thermo¬ 
couple having* been accidentally moved from the centre of the 
coil during the experiments. The anmietcr readings, therefore, 



Temperature. 

Curve connecting ammeter readings with actual temperature. 
Standardised 1.5.18 and 2.5.18. 

only have been recorded. Table XI gives the results obtained on 
standardising the apparatus before and after use. 


Table XI. 

Ammeter readings. 

r 11 V 1 ..'""■"""rTi 

Before Before 

Salt employed. True m.p. experiments, experiments. 
Potassium iodide ...... GS7° 3*74 3*76 

Potassium bromide ... 723 3*90 3*90 

»Sodimn chloride . 800 4-22 4*22 

Potassium sulphate... 1072 5*45 5*47 


The curve connecting the ammeter readings with the true 
temperature is shown in the figure. 

Table XII gives the analysis of the gases employed. 
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Table XII. 


Analysis of Gases Used, 


CO., percent. ... 

Coal gas. 
0-26 

Ethylene. 

Hydrogen. 

Carbon 

monoxide. 

o 2 

0-47 

— 

— 

— 

c„h 4 

4*53 

94*0 

— 

— 

ob 

9*84 

— 

— 

97*5 

CH, 

50*30 

— 

— 

— 

Ho 

33*00 

— 

95*8 

— 

n 2 “ 

1-G0 

— 

—. 

— 

Air ,, 

— 

in 0 

4*2 

2*5 


In table XIII, the results found for the temperature of ignition 
of various mixtures of gases with air are given. In cases where 
the- gas contained air as impurity, this was allowed for in making 
up the mixture. 

Table XIII. 


Ignition-temperatures of Different 1/iflammable Gas—Air Mixtures. 


Mixture. 

Ammeter reading. 

True temperature 
of ignition. 

15% coal gas-air .. 

4*59 

878° 

10% ethvlene-air .. 

5*32 

1000 

10% hydrogen-air . 

Carbon monoxide-air . 

4*00 

747 

4*82 

931 

Petrol (b.p. 0—80°)-air .... 

5*10 

995 

Benzene-air . 

5*41 

1002 

Ether-air . 

5*27 

1033 


It was found that by enlarging the size of the bubble, the mix¬ 
ture could be made to ignite at* an apparently lower temperature. 
This, however, was probably due to the fact that slow combustion 
of part of the gas took place at the lower temperature, and, by 
heating the surrounding gas, caused it to ignite without showing 
a corresponding rise on the ammeter. This ignition was, as a 
rule, quite perceptibly delayed. By reducing the size of the 
bubble to about 3*7 cm. diameter, instantaneous ignition occurred. 
The results given in table XIII are the mean of a large number of 
experiments, and experimental error can be taken as being less 
than ±3°. 


The author wishes to express his thanks to Messrs. Nobel’s 
Explosives Co., Ltd., for granting permission to publish these 
results. 

Nobel Research Laboratories, 

■ Ardeer, Stevenston, N.B. [Received, September G th, 1917.] 
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LXXXV1L— Disodium Nitrite, an Additive Compound 
of Sodium Nitrite and Sodium . 

By Edward Bradford Maxted. 

In the course of work on the preparation of alkali metals by the 
electrolysis of 11011-aqueons solutions, the author had occasion to 
examine the products obtained by electrolysing a solution of 
sodium nitrite in perfectly anhydrous liquid ammonia. A deposit 
was observed to form on the cathode, resembling metallic sodium 
in that it dissolved in water with violent evolution of hydrogen, 
but completely differing from the metal by reason of its bright 
yellow colour and by its failure to dissolve in excess of ammonia 
with the production of the characteristic blue coloration. 

It was found, further, that the same compound may be obtained 
in a state, of purity, as a brilliant yellow precipitate, by bringing 
together free metallic sodium and dry sodium nitrite, -each dis¬ 
solved separately in anhydrous ammonia. An analysis of the pre¬ 
cipitate showed it to possess the empirical composition Na 2 NO i >, 
the ammonia acting merely as a solvent. By the action of water, 
decomposition takes place with regeneration of sodium nitrite and 
of sodium hydroxide. No hyponitrite could be detected in the 
solution. 

Experimental. ' 

Direct Preparation of JDhwttium Nitrite , 

For the preparation of the compound in a pure condition, it is 
essential first of all to free the ammonia, winch is to bo used as a 
solvent, from all traces of moisture. This may be done by intro¬ 
ducing into a distilling flask a suitable quantity of liquid ammonia 
and dissolving in it sufficient sodium to impart to it a blue colour. 
The ammonia is freed from sodium hydroxide and from mmm of 
sodium by distillation and recondensation in the vessel which is 
to be used for the preparation of disodium nitrite, 

The preparation may most conveniently be carried out by dis¬ 
solving in the clear, anhydrous ammonia thus obtained a known 
weight of metallic sodium, this being added in small pieces. 
Freshly fused and finely powdered sodium nitrite in a solid con¬ 
dition is next introduced. It is found unnecessary to dissolve 
this separately provided that sufficient time is given for the sodium 
to pass into solution and that *\ Trite is added gradually. The. 
addition of sodium to a solution trf sodium nitrite, on the other 
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hand, does not result in a satisfactory preparation on account oi 
the formation of an insoluble layer round the sodium as added. 

The completion of the reaction is easily recognised by the dis¬ 
charge of the deep blue colour. This is found to take place on 
the addition of one molecule of sodium nitrite to each atom of 
sodium, disodium nitrite being thrown down as a bright yellow 
precipitate, from which the excess of ammonia is removed by 
evaporation. Any access of moisture is accompanied by an ex¬ 
plosion, which is usually sufficiently intense to shatter the reaction 
vessel and to cause a dangerous spray of liquid .ammonia. 

In an experiment, about 100 c.c. of pure anhydrous ammonia 
were condensed in the long-necked flask used as a reaction vessel. 
At this stage, the rubber stopper at its mouth was withdrawn and 
replaced by a second one fitted with .a Bunsen valve. One gram 
of metallic sodium was now introduced gradually in small pieces, 
the reaction vessel being allowed to remain for about ten minutes 
after the final addition to ensure complete solution of the sodium. 
Three grams of finely powdered sodium nitrite, previously dried 
by fusion, were next weighed out in a small stoppered tube and 
added gradually to the solution of sodium, the vessel being shaken 
gently. On adding the last portion of nitrite, the blue coloration 
in the reaction vessel disappeared, showing that one atom, of 
sodium reacted with each molecule of sodium nitrite, and a yellow 
precipitate of disodium nitrite was seen to have formed. The 
reaction vessel was now removed from its cooling-bath and allowed 
to attain the ordinary temperature, with consequent evaporation 
of the layer of colourless liquid ammonia with which the com¬ 
pound was covered. At this point, the reaction vessel, together 
with its stopper and valve, was weighed in order to ascertain 
whether ammonia was being retained as an integral part of the 
compound, the following results being obtained: 

Grams. 


Weight of empty reaction vessel ... 52*77 

Weight of sodium added . 1*00 

Weight of sodium nitrito added .. 3*00 

68*77 

Weight of vessel plus compound after 
evaporation of ammonia ... 66*79 


The yellow compound contains, therefore, no ammonia. 

Prefaration of Disodium Nitrite by the Electrolysis of Sodium 

Nitrite . 

For this purpose, a reaction tube about 35 cm. long and 3 cm. 
in internal diameter was provided with concentric cylindrical 







1018 MAXTEI): BXSODIXJM NITRITE, ETC, 

platinum electrodes separated from one another by an asbestos 
diaphragm. The area of the electrode used as cathode was about 
25 sq. era. After half filling the electrolysis tube with pure, dry 
liquid ammonia in the manner already described, about 5 grams 
of dry powdered sodium nitrite were introduced and the whole 
allowed to remain. 3STo metallic sodium was, of course, introduced 
into* the electrolysis vessel. 

The two electrodes with their asbestos diaphragm wore next 
introduced into the nitrite solution, car© being taken to avoid 
access of atmospheric moisture, and a current of 2 amperes at a 
potential of 110 volts from the laboratory mains was led through 
for one hour. On interrupting the current, the cathode was seen 
to b© covered with and surrounded by a yellow deposit similar 
to that obtained by the direct action of sodium on the nitrite. 
The platinum cathode was quickly immersed in a test-tube of dry 
ether, and on bringing it under water, the vigorous evolution of 
a considerable quantity of hydrogen was noted. A somewhat 
striking demonstration of the violence with which the compound 
combines with water was obtained by repeating the experiment 
and allowing the yellow cathodic deposit, separated as far as 
possible from the ammonia, to rise to* the ordinary temperature in 
contact with the air. A series of sharp decrepitations, accom¬ 
panied often by lire, was observed. 

Action of Water on Disodium Nitrite » 

In order to examine the moderated action of water on the 
compound, 4 grams were prepared in a pure, ammonia-free condi¬ 
tion by the first method. T1 yd ration was now carried out by the 
passage of a current of moist nitrogen, distilled water being added 
as soon as hydration was complete. 

The solution was found to exert no reducing action on Fell ling's 
solution, showing the absence of hydroxylarnine and similar com- 
pounds. A second portion was tested for hyponitrite hy neutral¬ 
ising with N1 100-sulphuiic acid, followed by silver sulphate, in 
accordance with the procedure recommended by Divers and Haga 
(T., 1899, 75, 97). No yellow precipitate of silver hyponitrite 
was obtained. A further sample was now neutralised, without 
dilution, with N / 10-nitric acid, and silver nitrate added. A white 
precipitate soluble in much water was obtained. In order to 
investigate the composition of this precipitate, which was suspected 
to he silver nitrite, a further 4 grains of disodium nitrite was 
hydrated in the manner previously described, made up to 
approximately 100 c.c., and neutralised as before with Nj 10-nitric 
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acid. Tlie precipitate obtained by the addition of excess of silver 
nitrate solution was collected and carefully washed with cold dis¬ 
tilled water, after which it was dried in a vacuum desiccator in 
the dark* A silver salt (2*1 grams) was obtained which was found 
on analysis to contain Ag = 69*8; AgN0 2 requires Ag = 70*l per 
cent. 

It is intended, as soon as time permits, to investigate the whole 
subject more closely, and to examine also the possibility of obtain¬ 
ing alkyl derivatives, which may throw light on the constitution 
of disodium nitrite. 

Charles Street, 

Walsall, [ Received, September 13 ih, 1917.] 


LXXXVIIL —Studies in the Phenylsuccinic Acid Series. 
Part V . The Inter-conversion of the Esters of 

r- and meso -Diphenylsuccinic Acids. 

By Henry Wren and Charles James Still, 

I»sr the course of the earlier investigations on the optically inactive 
cliphenylsuocinic acids, it was shown by Reimer (Ber., 1881, 14, 
1802) that these substances are mutually transformable. When the 
r-acid is heated with concentrated hydrochloric acid at 200°, the 
meso-acid is quantitatively produced, whilst the converse trans¬ 
formation occurs when meso-diphenylsuccinic acid is subjected to 
;the: action of an excess of barium hydroxide solution at the same 
tertiferature, ■ Somewhat later, Anschutz and Bendix (AnnAn, 
1890, 259, 91) found that a partial isomerisation -takes place when 
the r-acid is heated with water alone at temperatures between 185° 
and 200°, the meso-acid being formed to the extent of approxi¬ 
mately 30 per cent. The transition from the meso- to the racemic 
series can he effected, however, under milder experimental condi¬ 
tions when the meso-acid is replaced by its ethyl ester as initial 
material; thus Anschutz and Bendix (loc. eit.) showed that potass¬ 
ium ndiphenylsuccinate is the sole product of the action'of ^alco-> 
hdlic ^tassium hydroxide solution on ethyl mm-diphenylsuccinate, 
whilst, when aqueous alcoholic potassium hydroxide is employed a 
mixture Of pdtassium r- and meso-diphenylsuccinates is obtained 
(Wren and Still, T., 1915, 107, 447), 

The experiments which are now described were uuderi^keii^Yrith^) 
the hope of more definitely locating the phase at which the change 
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in stereochemical configuration occurs. This might conceivably 
take place before, during, or subsequent to the actual hydrolysis. 
Experiments with the di-Z-menthyl esters of in and /-diphenyl- 
succinic acids (Wren and Still, this vol., p. 531) made it appear 
probable that the change at any rate in part, precedes the hydro 
lysis, since it was found that the ester of the /-acid is converted into 
that of the //u^o-acid when heated with aqueous alcoholic potassium 
hydroxide solution; under similar conditions, the ester of the mem- 
acid appeared to suffer isomerisation, but the nature of the product 
could not be definitely established. As these esters arc not readily 
prepared in considerable quantity and as the di-/-menthyl /’-ester 
has not yet been obtained, the work has been continued with the 
more readily accessible methyl and ethyl esters. 

When ethyl r-diphenylsuccinafce is hydrolysed with a deficiency 
of aqueous ethyl-alcoholic potassium hydroxide solution, the note 
hydrolysed portion is found to be composed of a, mixture of ethyl 
r~ and mrso-diphenylsuccinaies, from which the latter can be 
readily isolated in the pure state; a similar mixture is formed under 
like conditions from ethyl //mmlipheuylsuodnate, and from this a 
pure specimen of the ethyl /‘-ester can he separated, the slightly 
greater experimental difficulty in this instance being due to the 
relatively greater solubility of the racemic ester. Precisely similar 
phenomena are observed with aqueous methyl-alcoholic potassium 
hydroxide solution and the- corresponding methyl esters. The pro¬ 
ducts of the hydrolysis have not been investigated with respect to 
stereochemical configuration, since they doubtless consist of mix¬ 
tures of potassium salts of the acids and acid esters, the approxi¬ 
mately quantitative separation of which would he a matter of great 
difficulty. 

The experiments just described show that isomerisation, at any 
rate in part, precedes hydrolysis; it may also lake place to some 
extent subsequently, since potassium ///exm 1 ipheny 1 sue<ana,to is 
partly converted, into the salt of the /‘ acid when heated with 
aqueous-alcoholic potassium hydroxide solution. Idle change in the 
reverse direction appears to take place far less readily under similar 
conditions, and could not be definitely proved to occur. 

Since it was thus shown that the esters of the r~ and ///c.vo-acids 
are interconvertible under the influence of alkali hydroxides, it 
appeared of interest to examine their behaviour in the presence 
of alkaline reagents under conditions which would preclude hydro¬ 
lysis. For this reason, a series of experiments has been performed 
with solutions of sodium methoxide and ethoxide in methyl and 
ethyl alcohols respectively. The conversion of methyl and ethyl 
r-diphenylsuccinates into the corresponding //wmesters can thus be 
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readily effected; the latter are considerably less readily soluble in 
these, solvents than the former, and the conditions can be so chosen 
that they separate from the solutions. In these circumstances, iso¬ 
merisation proceeds approximately quantitatively. The reverse 
change can only be effected in much more dilute solution, and the 
isolation of the /"-esters involves a series of fractional crystallisa¬ 
tions. 

Lastly, the conversion of ethyl r- into ethyl /ncso-diphenylsucciir¬ 
ate has been studied under somewhat different conditions. During 
the last few years it has been frequently necessary to prepare r-di- 
phenylsuceinie acid, and the process adopted has been that previ¬ 
ously described by us (T,, 1915, 107, 446 et seq.), which consists in 
allowing ethyl phenyl acetate and iodine to react in ethereal solution 
in the presence of solid sodium ethoxide and hydrolysing the mix¬ 
ture of ethyl r~ and ?7z^o-diphenylsuccinates which is thus produced. 
It has been noticed repeatedly that, whilst the yield of /’-acid is 
tolerably constant, the proportion of r- to m ^o-ester produced in 
the different experiments varies within very wide limits. The ex¬ 
planation is now found to lie in the observation that ethyl r-di¬ 
phenyl succ in ate is converted into the meso- ester when its ethereal 
solution is allowed to remain in contact with solid‘sodium ethoxide. 

From the theoretical point of view, the interconversion of the 
esters in the presence of alkali appears to be most readily explained 
by the assumption of the formation of a common sodio-derivative 
which is decomposed by alcohol according to the scheme: 


C0 2 Et 

Plr-CMI 

H-C-Ph- 

(J0 2 Et 


Conversion of Ethyl r -?)iphenylmccinate into Ethyl meso Diphenyl-* 

succinate, 

A. By Partial Hydrolysis. —Etby 1 r- dipheuylsuceinate (0*8 gram) 
was heated under reflux during two and a-half hours with aqueous 
ethyl-alcoholic potassium hydroxide solution (0*2IGA, 10 c.c.); the 
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Experimental. 
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solution was poured into water and the mixture extracted with 
ether. The crystalline residue, left after evaporation of the solvent, 
melted at 76 — 1,14°; it was repeatedly crystallised from rectified 
spirit, whereby needles of ethyl meso dip]ieny 1 su ee inato, melting at 
140-— -141°, were readily isolated. 

B. By the Action of Sodium Ethoxide in Ethyludeoholic Solution. 
—Ethyl r-diph enylsuecinate (1*5 grams) was gently wanned in a 
small sealed tube with a solution of sodium ethoxide in absolute 
ethyl alcohol (0*3227, 10 c.c.) until an almost clear solution was 
formed; on cooling, the contents of the tube set to a still paste, 
which did not change in appearance when preserved for eight days 
at the temperature of the laboratory. The solid was filtered, washed 
successively with alcohol, water, dilute hydrochloric acid, water, 
and alcohol, and dried. It weighed 1*4 grams and melted sharply 
at 140—141°. The melting point remained unaltered when the 
substance was crystallised from rectified spirit; it was further id on - 
tilled as ethyl mewodiphenylsuccinate by the mixed melting-point 
method and by analysis. (Found, G = 73*5; II = 6*8. Calc,, C = 73*6; 
H = 6*8 per cent.) 

The filtrate from the original crop was diluted with water, when 
a small amount of solid was precipitated which .melted indefinitely 
at 78—128°. 

0. By Solid Sodium Ethoxide .—Finely divided, dry sodium 
ethoxide (prepared from 1 gram of sodium) was allowed to remain 
in. contact with a solution of ethyl r-diphenylsuccinate (1 gram) in 
anhydrous ether (20 c.c.), at the temperature of the laboratory 
during twenty-four hours. Water was then added, whereby two 
clear solutions were formed; the aqueous portion, was oneo ex¬ 
tracted with ether and the ethereal solutions were united and dried 
over calcium chloride. The residue, obtained after removal of the 
solvent, incited at 75—11.0°, and, after being twice crystallised from 
rectified spirit, yielded pure ethyl nn:,svali}>liei)ylsuccinate. The 
latter melted at 140—141°, and the .melting point remained un¬ 
changed when It was mixed with an approximately equal quantify 
of the synthetic ester. 

Conversion of Ethyl meso Diphenylsuecinate into Ethyl 
r- IHphenyhuceinate . 

A. By Partial Hydrolysis, —Ethyl mesodiphenylsuccinate (5'7 
grams) was heated under reflux during two hours with aqueous, 
ethyl-alcoholic potassium hydroxide solution (0*15617, 60 c.c.). The 
resulting solution was evaporated nearly to dryness, the, residue 
diluted with water, and shaken with, a large volume of chloroform. 
The extract was dried over calcium chloride and the solvent re- 
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moved. The residue melted at 76—128°, It was digested with two 
successive sma.ll quantities of boiling light petroleum (b. p. 40—60°). 
[The port which, remained undissolved by this treatment melted at 
133—136°, and, after being crystallised from alcohol, yielded un¬ 
changed ethyl //ia«r>dii>heiuylsucciuat©, in. p. 140—141°.] The solu¬ 
tions were evaporated to dryness and the united residues extracted 
with alcohol; the more soluble portion, after being crystallised from 
light petroleum (b. p. 40—60°), yielded ethyl r-diphenylsuccinate. 
The latter melted at 83’5—84‘5°, and the melting point remained 
unchanged when it was mixed with the synthetic r-ester. It was 
also identified by analysis. (Found, 0 = 73*4; H = 6*7. Calc., 
C = 73-6; 11 = 6-8 per cent.) 

B. By the Action of Sodium Ethoxide in Ethyl-alcoholic Solu¬ 
tion —Finely divided ethyl mesodiphenylsuccinate (5 grams) was 
shaken with a solution of sodium ethoxide in absolute ethyl alcohol 
(0*3227, 85 c.c.) at 70° during three hours; at the end of this period, 
the ester had completely dissolved to a pale yellow solution, which 
was then poured into a slight excess of dilute hydrochloric acid. 
The mixture was shaken with chloroform and the extract washed 
with aqueous sodium carbonate solution and dried over calcium 
chloride. The residue left after evaporation of the solvent melted 
at 76—128°. The mixture of normal esters, after being treated as 
described in the preceding paragraph, yielded unchanged ethyl 
mcsodiphenylsucciiiate and ethyl r-diphenylsuccinate. The latter 
melted at 83—84*5°, and no alteration in the melting point was 
observed when it was mixed with an approximately equal amount 
of the synthetic r-ester. 

Conversion of Methyl x-Mphenyknecimte into Methyl 
m es o Diph enyls u e tin a t e, 

A. By Partial ITydroh/m. —Aqueous, methyl-alcoholic potassium 
hydroxide solution (0*87427, 12 c.c.) was added to a boiling solution 
of methyl r-diphenykmcemate (3 grams) in methyl alcohol (200 c.c.) 
and the mixture heated under reflux during four hours. The 
alcohol was removed by evaporation and the residue treated with 
water and a large volume of chloroform. The product, obtained 
after desiccation of the chloroform solution and removal of the 
solvent, melted at 168—202°. It was twice crystallised from 
acetone, when methyl mesodiphenylsuccinate was isolated in well- 
defined needles which melted at 219—220°. No depression of the 
melting point was observed after admixture with the synthetic 
meso-ester. The substance was further identified by analysis. 
(Found: C = 72*6; H = 6*2. Calc., 0 = 72*5; 11 = 6*2 per cent.) 

B. By the Action of a Methyl-alcoholic Solution of Sodium 
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Methorkle .—Methyl /*-di phenyl succinate (1 gram) was suspended 
in a solution of sodium methoxido in absolute methyl alcohol 
(0*301A r , 50' c.e.) and heated at 50—60° during eleven hours; Urn 
ester did not immediately dissolve, but, after about three hours, 
the nature of the precipitate was observed to have changed, the 
platelets being replaced by a quantity of very fine needles. After 
cooling, the precipitate was removed, well washed with water, and 
crystallised from a considerable bulk of acetone; well-formed, pris¬ 
matic crystals of methyl tucso diphenyl succinate were thus obtained 
which melted at 218*5 -219*5°. The melting point was unchanged 
when the substance was mixed with the synthetic /woVM\ster. 

At the ordinary temperature, the change proceeds very slowly, 
doubtless owing to the comparatively sparing solubility of the 
r-ester in methyl alcohol. When the ester and alkali solution 
(approx, 0*25A) were used in the proportion of 1 gram to 20 c.c., 
no change appeared to have taken place after nine days; after three 
months, however, the formation of the mr.svnestor could be 
definitely established. 


Co ft version of Methyl memUi ph c nylsti c chi a l e into 'Methyl 
r-70 i}th e i by kmc cinat c . 

A. By Partial Hydrolysis. —Methyl waved ipheilyIsuccimat o 

(3 grams) was partly suspended and partly dissolved in boiling 
methyl alcohol' (380 c.c.); 5 c.c. of aqueous methyl-alcoholic 
potassium hydroxide solution (0*68iY) were added and the mixture 
was boiled for an hour. A further portion of the alkali solution 
(5 c.c.) was then added, and the heating was continued for a further 
period of five hours. At the end of this time, the ester had com 
pletely passed into solution. The alcohol was removed and the 
residue shaken with chloroform and. water. The mixture.' of esters 
obtained from the chloroform solution melted at 158 195°; it was 

fractionally crystal Used from acetone. Unchanged v/uwr ester was 
isolated from the less soluble portion, whilst methyl r-diphenyl 
succinate was obtained by repeated crystallisation of the more 
soluble part from a considerable bulk of methyl alcohol. The hitter 

was identified by crystalline form, melting point (173.174'5°), 

mixed melting point, and analysis. (Found: 0 — 72*3; If- (hi. 
Calc,: 0 = 72*5; H = 6*2 per cent.) 

B. By the Action of a Solution of Sodium Methoride in Methyl 
Alcohol. —Finely divided methyl m ,esodiphenylsuccinate (2 grams) 
was heated in a stoppered flask during ten hours at 60° with a 
solution of sodium (0*9 gram) in absolute methyl alcohol (200 c.c,). 
A small portion remained undissolved. The mixture was exactly 
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neutralised with dilute hydrochloric acid and the alcohol removed 
on the water-bath. The residue was treated with warm water, and 
the part which remained undissolved was removed and dried. The 
mixture of normal esters thus obtained melted indefinitely at 
162—182°. It was separated by systematic treatment with acetone 
and methyl alcohol, as described in the preceding paragraph, into 
unchanged methyl ?M6aodiphenylsuccinate and methyl r-diphenyl- 
succinate, the melting points being 218*5—219*5° and 174—175° 
respectively. 

Action of an ]<J;rcesn of K thy!-alcoholic Jdutasxium Hydroxide 
Solution on, r- and meso-/>/ phenylsuccinie Adds. 

mcttoD iphenyLsuccinic acid (1 gram) was heated under reflux 
with a solution of potassium hydroxide in absolute ethyl alcohol 
(O’SiV, 25 c.c.) during four hours. The substance dissolved slowly, 
complete solution being ultimately obtained. Excess of alkali was 
exactly neutralised with hydrochloric acid. The alcohol was 
removed by evaporation; the residue was dissolved in a small 
volume of wafer and treated with a slight excess of a hot solution 
of barium chloride. On cooling, a crystalline precipitate of barium 
/’“diphenylsuccinate separated, from which the corresponding acid 
was isolated; it melted at 181—182°, resolidified, and again melted 
at 219—220°. Unchanged me* odipheuylsuccinic acid, melting and 
decomposing at 229—230°, was obtained from the filtrate from the 
crop of barium salt. 

r-Biphenylsuccinic acid (1 gram) was heated under reflux with 
ethyl-alcoholic potassium hydroxide solution (0*8iV, 25 cr.c.). The 
product was treated exactly as described in the preceding para¬ 
graph. Unchanged r-acid was readily isolated from the correspond¬ 
ing, sparingly soluble barium salt, the mother liquors from which, 
however, did not yield wuwdiphenylsxieeinic acid in recognisable 
a, mount. 

The authors desire to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has defrayed 
part of the cost of the investigation. 

Pore and Applied Chemistry Department, 

Municipal Technical Institute, 

Belfast. [Received, October 1 0th, 1917.] 
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L XXXIX .—Derivatives of n -Butylaniline. 

By Joseph. Reilly and Wilfked John Hkhun:bottom; 


The lower aikylanilinos liavo for along period been recognised as of 
considerable technical importance and, with their derivatives, have 
been subjected to very detailed investigation. On the other hand, 
the higher aikylanilinos and phenylenealkyldiamines generally lmvo 
been but little examined, and it is only quite recently that such 
compounds as 77 -nitrosodipropylaniline, ^phenylencdipropyldianli 11 e 
(Jacobs and Heidelberger, J. Biol . Cham 3.915, 21, 103), and 
p-phenylene iso&i nyIdiamine (Karrer, Ber., 1915, 48, 1398) have 
been subjected to any thorough study (compare also Maud!, 
Monatsh 1886, 7, 99; Baeyer and Noyes, Bet\, 1889, 22, 2173). 
In the case of the ?r-butyl compounds but few derivatives have been 
prepared. By condensing n -buty r aldehy de with aniline, Kahn 
(Ber., 1885, 18, 3361) obtained w-butylaniline, and from it the 
nitrosoamine, the acetyl compound, and the hydrochloride, but no 
other references to w-butylaniline or its derivatives have been 
found. 

In the present work the condensation of 77 ,-butyl chloride and 
aniline has been investigated, and several of the derivatives of 
n-butylaniline have been prepared and their properties investigated. 
In the reaction between 77 -butyl chloride and aniline, it was found 
that mono-77-butylaniline was the chief product when these com¬ 
pounds were heated together under atmospheric pressure. A frac¬ 
tion' of higher boiling point was found to consist mainly of dl//- 
butylaniline. 

The crude mixture of bases resulting from the reaction was dis¬ 
tilled, and thus partly separated .into aniline, •//.-butylaniline, and 
di- 77 -butylaniline. T.ho w-butyl aniline fraction was converted, into 
phenyl-//4>tity!nitrosoamimv (1), which was reduced to woplionyb 


N(C 4 .e i) )*NO N(O 4 H 0 )-NH 2 



w(o 4 u 0 )-N:N*N(o 4 ig 

il M 


(HI.) 


nh-c 4 h 9 


nh-o 4 h 9 


^N(C 4 lI 9 )-NO 


NH S 

(V.) 


NO 

(IV.) 


NO 

(VI.) 
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7 ?.-])u tyIliv drazitie (II), and this compound was then oxidised to 
diplienyldihu ty ltetr azone (III) "by the action of yellow mercuric 
oxide in ethereal solution: 

By means of Fischer and Hepp’s reaction (Ber., 1886, 19, 2991; 
1887, 20, 1247) the nitrosoamine was converted into p-nitroso-w- 
butylaniline (IV). On keeping, the crude hydrochloride darkened, 
owing 'probably to the presence of free hydrogen chloride behaving 
similarly to /mi itrosohsobutylaniline hydrochloride (Walker, Anna- 
len, 1888, 243, 298)- ^Nitroso-??,-butylaniline was easily reduced 
l>y means of zinc dust and hydrochloric acid to the corresponding 
diamine (V). The n it ro so amine is also decomposed into y-nitroso- 
p'henol and w-butylamme, thus -confirming its constitution. It is 
converted into- y-nitrosophenyb/^butylnitrosoamine (VI) by the 
action of nitrous acid. 

Whilst p-nitrosomethylaniline hydrochloride separated almost 
quantitatively in Fischer and Hepp’s reaction (lor. cit.) from solu¬ 
tion in a mixture of alcohol and ether, p-nitrosoluitylaniline hydro¬ 
chloride under similar conditions gave only a small precipitate 
(compare Walker, Annalen, loo. cif.). A yield equal to 75 per 
cent, of the weight of nitrosoamine taken is obtained by substituting 
a solution of hydrogen chloride in butyl alcohol for the ethyl-alco¬ 
holic solution and reducing the proportion of alcohol to ether by 
one-half. 

/kPI tenylene-y^butyldiamitie- resembled the other known mono- 
Hubstitutod y-plienvlenediamines in being readily oxidised to 
//-henzoquinone and in yielding colour reactions with ferric chloride 
and nitrons acid (compare Fischer and "Wacker, Ber. , 1888, 21, 
2614; Jacobson, Annahn, 1895, 287, 131; Bamberger, Ber., 1898, 
31, 1516; Bornthsen and Goske, Ber., 1887, 20, 929), 

Experimental 

?/.-Butylauiline was prepared by heating one molecular proportion 
of aniline (93 grams) with slightly more than one molecular pro¬ 
portion of 7?,-butyl chloride (100 grams) for thirty-six hours on a 
water-bath, using a reflux condenser. A crystalline deposit was pro¬ 
duced which, after the liquid had been filtered off, was shown to be 
mainly aniline hydrochloride with a small amount of n --butylaniline 
hydrochloride-. From the reddish liquid poured off the crystalline 
deposit, uncombined ?bbutyl chloride was removed by distillation 
and the residual oil treated with sodium hydroxide solution. The 
bases which separated were extracted with ether, the ethereal layer 
was left in contact with potassium carbonate for some time, and the 
solvent removed by evaporation; the oil obtained was then distilled. 

At first, some w-butyd chloride mixed with aniline distilled over 
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below 180°. The fraction 180 200° contained //-butylamllne 

mixed with aniline, and the distillate between 200° and 250° was 
n-butylaniliiie mixed with a smaller amount of aniline. There was 

also- a fraction boiling at 250.275°, which was found to consist 

chiefly of di-/r-butylaniline; this was investigated later. The distil¬ 
late boiling at 200—250° on redistilling gave a large fraction at 
240—245°, and by a further redistillation this gave a fraction boil¬ 
ing at 242—244°/765 :mm. By converting the latter fraction into 
the nitrosoamine and reducing with yarn: dust and warm glacial 
acetic acid, //-butylaniliim was obtained free from traces of the 
dialkyl compound. It boiled at 241 -242°/752 mm. (Kahn gives 
235°/720 mm.) 

The fraction boiling between 200° and 250° from the original 
experiment with aniline and //-butyl chloride was not further frac 
(donated for subsequent experiments, for the action of nitrous acid 
made it possible to separate the mono~//-butylanilmo from aniline 
and di-mbutylaniline. The fraction boiling between 200° and 250° 
(105 grams) was therefore dissolved in an excess of dilute hydro¬ 
chloric acid, and a concentrated aqueous solution of sodium nitrite 
was slowly added until the yellow turbidity changed to red. The 
nitrosoamine separated on top of the aqueous solution as a reddish- 
yellow oil, which was extracted with ether, the ethereal solution 
being washed with sodium hydroxide solution, and finally with 
water. From the separated ethereal layer dried -over potassium 
carbonate, the solvent was evaporated, leaving the nitrosoamine as 
a greenish-yellow oil. From a portion (2(5*5 grams) of the oily frac¬ 
tion boiling between 200° and 250°, referred to above, 22 grams 
of phenyl-//-butylnitrosoaniine wore obtained. This is insoluble, in 
cold water, very sparingly so in hot water, soluble in strong muds, 
and in most organic solvents. A fresh solution in. acid is precipi¬ 
tated by sodium hydroxide solution. The nitrosoamine is volatile 
in steam, collecting in the distillate as a pale yellow oil, heavier 
than water (compare Kalin, toe, ciL, p. 3367). 

Both w-butyl aniline and phenyl-//.-butylnitrosoamino can be 
readily nitrated, yielding in each case yellow, crystalline n i, fro-com¬ 
pounds which are soluble in alcohol or acetone and insoluble in 
water, but can be recrystallised from concentrated nitric acid. 
They were not further investigated. 

Phenyl-n-bu tylhydrmin a . 

■ Phenyl-w-butylnitrosoamine (20 grams) dissolved in glacial acetic 
acid (50 grams) was slowly added to zinc dust (100 grams), sus¬ 
pended in 200 e.o. of 90 per cent., alcohol, and the mixture was 
constantly stirred and kept at 10.20°. When all the nitrosoamine 
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had. been fielded, the mixture was heated to boiling- and quickly 
tillered to prevent the deposition of crystals. The zinc dust was 
washed, repeatedly with small quantities of warm absolute alcohol, 
the washings being added to the filtrate. This nearly colourless 
filtrate was rendered slightly acid by the addition of concentrated 
hydrochloric acid, and then evaporated to a small bulk. During 
the evaporation the solution gradually deepened in colour, until 
finally it became dark red. The concentrated solution of the hydro¬ 
chloride was next treated with excess of concentrated sodium hydr¬ 
oxide solution until the precipitate first formed was completely re- 
dissolved. The crude base, which separated as a dark red oil, was 
extracted with ether, the ethereal layer dried over anhydrous 
potassium carbonate, and the solvent evaporated. The residual oil 
consisted chiefly of phenyl-//-butylhydrazine, together with some 
•//-butyl aniline. The yield of crude oil was usually 75—83 per cent, 
of the weight of phenyl-//-butylnitrosoamine used. In order to 
separate the //-butyl a inline from the phenyl-// -butylhydrazine, the 
(■rude oil was dissolved in dry benzene and dry hydrogen chloride 
passed through the solution until there was no more absorption. 
The benzene solution at first changed to a deep red, but later it 
became paler in colour with the formation of a turbidity. 

The benzene solution was filtered and evaporated to a small bulk, 
when the hydrazine was precipitated as a pale yellow crystalline 
mass on Die addition of dry ether. By washing* the precipitate with 
a small amount of benzene the hydrazine hydrochloride was dis¬ 
solved, leaving behind the //-butylaniline hydrochloride. The 
phenyl-//-butylhydrazine hydrochloride was recovered from the 
benzene solution and twice more subjected to this treatment, when 
it was obtained pure. From chloroform the hydrochloride sepa¬ 
rated in white, needle-shaped crystals which are very readily soluble 
in water, benzene, chloroform, methyl or ethyl alcohols, and very 
sparingly so in ether or light petroleum (b. p. 60 -80°), It reduces 
‘Folding's solution on warming: 

0*1030 gave 12*65 c.c. No at 21*5° and 747*3 mm.* N =14*01. 
0*1244 ~ „ 0*0900 AgCl. Cl = 17*90. 

C 10 H 1{] N 2 ,Hai requires N = 13*96; 01 = 17*67 per cent. 

Treatment with sodium hydroxide solution and extraction with 
ether gave the base as an almost colourless oil. It boils at 
247—250°/762’7 mm., decomposing slightly with the evolution of 

* In the nitrogen estimations recorded in this paper, the gas was measured 
over 40 per cent, potassium hydroxide solution. The pressures recorded 
have been corrected for vapour pressure of the potassium hydroxide 
solution. 
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ammonia. Under diminished pressure llio base can bo distilled 
uuclianged. 

7)i2>hmyl(M~n-h n U/lte frrrjo // c . 

The crude phenyl-^-butylhydrazine was dissolved in ether, and 
yellow mercuric oxide gradually added, following Fischer’s method 
for the preparation of the tetrazoue from phenyhnethylhydrazine 
(Annalen, 1878, 190, 108). The red ethereal filtrate obtained on 
separation from the mercuric oxide and mercury was -evaporated 
under diminished pressure, and on addition of aqueous alcohol the 
tetrazone was obtained in slightly yellow, -flattened needles. These 
crystals were dissolved in a small amount of aqueous alcohol (60 per 
cent.) and placed in a vacuum desiccator over calcium chloride until 
the tetrazone separated in white, shining plates melting at 78—78°, 
After melting and cooling, the melting point was again determined 
and found to be 73°. On heating above its melting point, however, 
the compound gradually darkened, until at 110—120° there was an 
evolution of nitrogen, the liquid became dark brown, and did not 
solidify again on cooling: 

0*0906 gave 13*22 c.c. N 2 at 14*7° and 758*5 mm. 17*28. 

C 20 H 28 N 4 requires N = 17*28 per cent. 

An aqueous-alcoholic solution of' “““dipheuyld i- /pbuty Ite tr axo n e 
rapidly decomposed, the solution changing first to a mauve colour, 
then gradually to violet, and finally to blue and indigo. The violet 
or blue solution was changed to an indigo colour by means of acids, 
and to a reddish-mauve colour having a blue fluorescence by alkalis, 
these changes being reversible. Zinc dust and acetic acid destroyed 
the blue colour. Concentrated nitric acid changed the colour to 
yellow, whilst aqueous iodine solution produced a dirty green 
coloration. Lactic acid gave the indigo colour, which by the notion 
of potassium iodide changed to* olive green. Dilute potassium per¬ 
manganate was reduced. The addition of bromine in carbon tetra¬ 
chloride solution changed the indigo colour to a brownish-yellow. 

p»i\ r i Pro a '>n~ h it tylaniUn e. 

A 

Phenyl-n-butylnitrosoamine was dissolved in about ten times its 
volume of dry ether, and four timesdts volume of alcoholic hydrogen 
chloride were added. In a few minutes the green solution became 
red, and after some time small, brownish-red crystals of p-nitroso-;?- 
butylaniline hydrochloride were deposited, which were collected, 
washed with alcohol, then ether, and dried. 

^It was found that p-nitroso-?^butylaniline hydrochloride was less 
readily soluble in ndnifyl alcohol than in ethyl alcohol. A butyl- 
alcoholic solution of dry hydrogen chloride was therefore used 
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instead of the ethyl-alcoholic .solution. The nitrosoamiue was dis¬ 
solved in twice its volume of dry ether, and two volumes of a solu¬ 
tion of dry hydrogen chloride in //-butyl alcohol were added. After 
two hours a copious yellow precipitate of the- hydrochloride had 
formed, the deposition of which was accelerated by stirring. It was 
collected, washed with alcohol, and finally with ether. 

To a solution of the hydrochloride in water an excess of ammonia 
was added, when the base was precipitated as a green, turbid oil 
which, was extracted with ether. The ethereal extract of the 
nitroso-derivative was washed once with water and the ether eva¬ 
porated, leaving the base as a green, dark liquid which solidified 
on cooling to a blue, shimmering mass. It was purified by dis¬ 
solving in alcohol and adding water until a turbidity was produced. 
After some time the base crystallised in long, flattened needles 
melting at 58—59°: 

0*1173 gave 16*32 c.c. N 2 at 22*0° and 742*7 mm. N = 15*73. 

C 10 H H ON a requires N = 15*76 per cent. 

By slow evaporation of the ethereal solution the compound 
crystallised in large steel-blue prisms. It is only sparingly soluble 
in water or light petroleum, but dissolves readily in ether, benzene, 
or alcohol. Concentrated solutions are green, whilst dilute solu¬ 
tions are yellow. The solid, although steel-blue when in crystalline 
form, is green or yellowish-green when powdered or crushed. 'The 
hytlrovMtrridC' crystallises from a mixture of alcohol and ether in 
yellow needles, which are changed to red, and finally to a very dark 
colour, by traces of hydrogen chloride: 

0*2386 gave 0*1588 AgCl. Cl = 16*47. 

' C 10 H m ON 2 ,HC1 requires 01 = 16*52 per cent. 

It is very readily soluble in alcohol, water, or acetone, but insol¬ 
uble in ether or light petroleum. 

By the action of dilute nitric acid on the dilute aqueous solution 
of the hydrochloride, a yellow, crystalline intro-compound was pro¬ 
duced, insoluble in water, acid or alkali, but soluble in alcohol or 
ether. On crystallisation from hot aqueous alcohol it was obtained 
in long yellow needles, but was not further examined. 

Decomposition of p-A itroso-n-hutylaniline with Alkali, 

2*5 Grains of p-nitroso-n-butylaniline were added to 40 c.c. of a 
10 per cent, solution of sodium hydroxide, and the mixture was 
distilled in a current of steam, for twenty minutes, the distillate 
being collected in an excess of dilute hydrochloric 1 acid. The red¬ 
dish-brown' residue was neutralised with dilute sulphuric acid until 
the colour became pale green, when the solution was extracted with 
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ether. On evajJuration of the ethereal layer a pale bulT-eolou red 
residue was left, which dissolved, in alcohol, acetone or ettier to a 
green solution. By slow evaporation of the ether the compound was 
obtained in almost colourless needles melting and decomposing at 
itH)—-123°. it had the properties of ^-nitrosophcnol, and gave a 
red sodium salt, crystallising from water or from, alcohol in red 
needles extremely readily soluble in water and sparingly so in ether 
or acetone. (Found, Na = 15*44. Calc., Na = 15*85 percent.) The 
hydrochloric acid solution in which the distillate had been collected 
was evaporated to dryness, leaving an almost white residue, which 
was identified as n -butylamuie hydrochloride by the analysis of the 
platinichloricle. (Found, IT =.34*87. Calc., rt a 35*10 per cent.) 
The production of the primary aliphatic amino and /Hiitrosophonol 
from the nitrosoamine proves that the nitroso-group, by the action 
ol alcoholic hydrogen chloride, had migrated to the para position, 
behaving in a manner similar to that observed when (ho lower alkyl 
derivatives of aniline, such as plumylmethylnitrosoanunc, are simi¬ 
larly treated. 


\y-N hrum-n-bn It/lanilin at iironoamut 

Two grams of />-nitroso-//-butylaiiiline hydrochloride were < 1 is- 
solved in a small amount of dilute hydrochloric acid, the solution 
was cooled in a freezing mixture, and a concentrated solution of 
sodium nitrite (a slight excess of 1 mol.) was added slowly. A 
greenish-yellow, 11 Occident precipitate separated, winch was col¬ 
lected, after an hour. It was purified by dissolving in alcohol and 
adding water until a turbidity was produced, and then leaving the 
mixture until crystallisation had taken place. The compound sepa¬ 
rated in small, green plates melting at 39*5°: 

0*0855 gave 14*85 c.c. N.> at 1G*8° and 754*0 nun. N 20*53, 
reejuires N — 20*29 per cent*. 

p-A itn> 80 '~\\~hutj/lmtillnemtrosowtnine. is freely soluble in most 
organic solvents, but almost insoluble in water. Dilute solutions 
become bright yellow by the action of alkalis, whilst acids almost 
discharge the colour, these changes being reversible. It was found 
that the colour of an alkaline solution could be discharged by the 
addition of one drop of JV'/20-sulphuric acid. The compound 
responded to Liebermann’s test for uitroso-compounds. 


p -Ph att/I e. nr md> ntyUHmniii r. 

Zinc dust (15 grams) was added gradually to a solution of 
p-nitroso-^butylaniline hydrochloride (10 grams) in water, when a 
fairly vigorous reaction ensued, attended by evolution of beat, so 



.'DERIVATIVES OF N-BTJTYL ANILINE. 


1033 


that it was necessary i.o cool the .mixture. After the reaction, had 
moderated, concentrated hydrochloric acid (45 c.e.) was gradually 
added and the mixture was heated for a short time on the water - 
bath until almost colourless. It was filtered hot from the excess 
of zinc dust, which was washed repeatedly with, warm dilute hydro- 
chloric acid and finally with alcohol. The acid filtrate was then 
evaporated to about half its bulk, rendered alkaline with sodium 
hydroxide solution, and the base which separated out as a dark- 
coloured oil was extracted with ether, p -Phcwglene-n-V utyhlkimii)e, 
was obtained in a pure condition by the addition of an excess of 
dilute sodium hydroxide solution to a concentrated aqueous solution 
of the hydrochloride cooled in ice. The base separated as a white, 
crystalline solid, which was collected and washed with water. On 
recrystallisation, from light petroleum, it was obtained in white 
plates melting at 31*5°, having a pearly lustre. The colour slowly 
changed to red on exposure to air: 

0*0631 gave 9*45 c.e. bb at 18*5° and 744*5 mm, N~ 17*19. 

C J( ,H J0 N a requires N = 17*07 per cent. 

An alternative method of obtaining the free base in a pure con¬ 
dition was also employed. The dark-coloured base was distilled 
instead of being converted into the hydrochloride. Under a pres¬ 
sure of 768 nun. it distilled over mainly at 302*5—303*5°, and on 
cooling solidified to a white, crystalline mass. It is readily soluble 
in. most organic solvents, but moderately so in cold light petroleum, 
and insoluble in water. 

\yldienyleu c-n-A iitt/ldiaviinc dihydrochloridc crystallised from hot 
absolute alcohol in small, glistening plates which did not melt at 
200 °; 

0*0750 gave 7*80 <\o. N a at 20° and 74.6*3 mm. N = 11*90. 

0*1324 0*1610 Ag(Jh CU-30*08. 

C 10 H W N S ,2HC1 requires N = 11*S2; CU-29*90 per cent. 

It is insoluble in ether, sparingly soluble in cold absolute alcohol, 
more readily so- in hot alcohol, and very readily soluble in water. 
With a small amount of ferric chloride solution, a neutral solution 
of the hydrochloride gave a dirty green coloration which changed 
slowly through a succession of colours to a dark red. The green 
colour was restored on adding more ferric chloride. With potassium 
ferrocyanide the hydrochloride solution became, olive-green, chang¬ 
ing to blue on the addition of alkali. Oxidation by boiling with 
ferric chloride or potassium diehromate and dilute sulphuric acid 
produced an odour resembling that of y>benzoquinone, A solution 
of bromine in aqueous potassium bromide gave a yellow precipi¬ 
tate which gradually darkened on keeping. 
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Diazof.imfiuti of yJ'hfonilciH'-n-'lHityhlitinihir Dihiftlrochlorhic. 

To an aqueous solution of the hydrochloride (1 snob) rendered 
acid by tlie addition of hydrochloric acid (3 mols.) and, cooled in a 
freezing mixture, an aqueous solution of sodium nitrite was added 
until there was a slight excess of nitrous acid present. On first 
adding the sodium nitrite the hydrochloride solution became green 
and then rapidly turned to a brown tint. ^-Arninodipltenylamiuo 
behaves in a somewhat similar manner (Jacobson, hn\ cU .). On 
adding this diazotised solution to an aqueous solution of plaiinie 
chloride, a light yellow precipitate of the diazonium platbiichloride 
was 'obtained, which was collected and washed well with water and 
finally with alcohol and ether: 

0*1888 gave 17*50 e.e. No at 12° and 758*7 mm, N= 11*08. 
01509 „ 0*0381 Pt. - Pts= 25*25. 

(C 10 H w N 3 Cl) 2 PtGl 4 requires N = 11*05; Pt*= 25*06 per cent. 

This salt was almost insoluble in water, but sparingly so in, 
alcohol. It commenced to darken at 115—120°, and decomposed 
at 147—150° with a brisk evolution of nitrogen, When heated 
suddenly in a Bunsen flame itYTecbiiipcsed explosively. 

On the addition of an aqueous solution of the diazomum chloride, 
freed from nitrous acid by means of carbamide, to an alkaline solu¬ 
tion of /3-iiaplitliol, an azo-compound separated as a red, crystalline 
powder, which was collected after a few hours. In the dry condition 
it is almost black and has a metallic lustre. It is insoluble in water, 
but soluble in most organic solvents, and dissolves in concentrated, 
sulphuric acid, giving* a deep red colour. An aeotylacoiono deriv¬ 
ative was obtained as an orange precipitate on adding a solution 
of the diazotised, ^diamine, free from nitrous acid, to an alcoholic 
solution of acetylacetone. On the addition of sodium acetate there 
was a yellow turbidity, from which crystals soon, separated. The 
compound crystallised from aqueous alcohol in yellow needles, but 
was not further, examined. 


[Received, November 1st, 1917.] 
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XCL — The Limitations of the Balance . 

By Bertram Blount. 

About three years ago the author had occasion, in the course of a 
research, to make accurate weighings extending over some months. 
The balances used were by the first makers, and the discrepancies 
observed were at first attributed to the errors of experiment arising 
from the difficulties of the research. Slowly and reluctantly, how¬ 
ever, the conclusion was drawn that the errors lay in the balances 
themselves, and the following is an account of the nature and 
extent of these errors. 

It is usually accepted that a good balance carrying 200 grams 
in each pan should turn with certainty with QT milligram, an 
accuracy of on© part in two millions. Much higher accuracies have 
been claimed, but for the purpose of the research in question this 
degree of accuracy was sufficient. It was assumed that it could be 
obtained without difficulty, and the research was started on this 
assumption. As has been mentioned above, the cause of the error 
was not at first suspected, and after many months of work the 
balances themselves were critically tested. It may be stated at 
once that all were usually accurate over a short period of a few 
hours or even a few days, but over longer periods of a few weeks 
or months they showed themselves untrustworthy. 

In all, six balances were used, three being provided by the kind¬ 
ness of Professor Pope at Cambridge; the other three were at the 
laboratory in the author’s house. 

Those at Cambridge were a Sartorius carrying 200 grams in each 
pan, a smaller Sartorius carrying 100 grams in each pan, and a 
Bunge, preferred by the late Prof. Ewing for his own work, carry¬ 
ing 100 grams in each pan. 

Those in London were an Oertling carrying 200 grams in each 
pan (and it may be remarked that the beam used was selected out 
of live by the makers as the best they had), another Oertling with 
a load of 100 grams, and a modern Bunge carrying 200 grains. 

Each balance could be read with accuracy to QT milligram, and 
irx all cases standard weights were used. 

All proper precautions were taken to secure uniformity of 
condition. 

Eo*ur of the balances were used in their own case, one in a 
massive gun-metal case, which was air-tight, and one in an all¬ 
glass case, which was also* air-tight* 

In each case twin weights were used so as to prevent errors creep¬ 
ing in from this cause. 

VOL* CXI. ' S S 
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Weighings were made by three independent- observers at both 
Cambridge anal, London, and as there were far too many to 1 record 
in full in a short paper, only those representing the maximum 
variations are recorded, and are as follows: 

Cambridge. 


Small Sartorin$. 



Divisions. 




Diviwk 

ns. 







Tenths 


_— 



Tenths 

Dale. 

Left. 

Right. 

Temp. 

mg. 

Date, 

Left. R 

ight. 

Temp. 

mg. 

29.4.17 

7 

0} 

15-5° 

•j-0-25 

25.0.17 

3* 

3f 

17-5° 

! 0 

30.4.17 

7 

7 

15 

.1: 0 

29,0.17 

4* 

5 

i 7* 

■■ k 

f>, 5.1 7 

7 

S', 

15 

1.1 

4.7.17 

4l 

5 

10-5 

- I 

5.5.17 

5 

5 1 

15 


5.7,17 

4 

31 

10*5 

-j- I 

0.5.17 

21 

2 

li 

d } 

7.7.17 

4 

;-f 

17 

•!•• 1 

7.5.17 

2 

V) 

U, 

1: 0 

9.7.17 

0 

0| 

3 0-5 

- - | 

11.5.17 

4 

51 

14 

- n 

12.7.17 

41 

41 

10-5 

T ft 

18.5.17 

4 

7“ 

14*5 


15.7.17 

5" 

4t 

18 

-j- J 

27.5.17 

3 

3 4 

17 

| 

19,7.17 

6j 

7 

18 

. k 

29.5.17 

7 

7 

17 

■J. o 

20.7.17 

7 

OJ 

18 

d I 

81.5,17 

H 

2J 

17*8 

*f 1 

29.7,17 

4 

2 

19*5 


4.0.17 

s£ 

1i 

37 

•f 1 

1.8,17 

7 

7 

.17*7 

-j- 0 

10,0.17 

61 

5 

17-5 

T 1| 

0,8,17 

7J 

9 

37-5 

n 

14.0.17 

4t 

4 

18 

d= 0 

1U.17 

31 

3 

3 7*5 

4- I 

15.0.17 

7 

5J 

3 8-5 

•1- i i 

13.8.17 

5 ' 

51 

38 

- 1 

17.6.17 

4 

3 

19 

-P i 

20.8,17 

3* 

2,1 

17*5 

•p A 

21.0,17 

0 

8* 

19 

~P 3 

30.8.17 

7 

8f 

30*5 

... c 

.22.0.17 

6 

*3f 

18-5 

T 3 







Greatest difference in 4 months, 0-0 milligram. 
* Full. f Bare. 


Bunge, 



Div 

isions. 

TunUua 1 


Divisions. 



Bate. 

Left. 

.Right. 

Temp, m 

4- 
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Loft. 

Right. 
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20.4.17 
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0 
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2 
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3 
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5 
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3 

3 
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3 

38 

u 
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7 

7 
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0 

29.7.17 
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5 

19 
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6 
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i 
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5J 

0 

17 

* 
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& 

5 
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i 
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0 

5 

17*7 
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1.6.17 

3 

4 

17 

i 

18.8. J 7 

3 

5f 

17*5 

a 
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6 

5 

17 T 

i 

20.8.17 

54 

4 

17 

+ l| 

11.7.17 

7 

7-1 

15 - 

4 

30.8.17 

7 

8 

16 
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Greatest difference in 4 months, 0-5 milligram. 
* Full. f Bare. 
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12 

1 
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7f 
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12 
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17 
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9 
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17 

■MS 
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5 
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12 

*— 7 

17 
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ft 
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12 
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17 
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9 
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- 1 
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-11 

18 

4* 23 

26.0.17 

3 

5 17 

_ S> 

1.9.17 

13 

-11 

16 

+ 24 

(Jpoatost ditto 

rence, 2*5 milligrams ii: 

t 4 months. 




Hojeoti 

ng the 

readings after 4.8,17, 0*45 milligram in 

3 months. 




* Full. 

f Bare. 







London. 







Large OertUng. 
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- 

19.6.17 

4* 
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Greatest difference in 3 

! months. 

1*2 milligrams. 
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;U 
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V> 


9 Si 

18-3 

; 1 

0.9. 

17 

~I 

2l 21 :| : 

0 

j 14,9.17 





Greatest difference in 3 months, 0*4 milligram. 


These figures show that six balances of the best make, observed by 
three people at two different p-laces, gave a variation over as short 
a period as four months varying from 0*4 to 1*6 milligrams, and 
that these variations cannot be correlated with any variation of 
external conditions. 

The author is well acquainted with earlier work by Poynting 
and others, and does not doubt that accurate readings can be made 
over a short period, but finds that constancy cannot be relied on 
over as short a period as four months. 

The natural suggestion of the cause of discrepancy is that there 
is a difference of temperature between the two arms of the beam. 
This has been dispelled by direct observation. Two thermometers 
reading to 0‘G1° were placed one on each pan of a balance in the 
same room as that containing the three balances used in London. 
Except: in on© instance, when by accident direct sunlight fell on 
the bulb of one thermometer, no greater difference than 0*02° was 
observed. Calculations, confirming those of Landolb, show that 
such a difference of temperature in the beam itself is negligible in 
its effect on the indications of the balance, and this difference, 
which represents that of the pans, is far greater than would he 
possible in a solid piece of metal, like a beam under normal condi¬ 
tions. As the fact remains that these variations occur, however, 
there clearly must be a physical cause. The matter lias been 
referred to engineers of eminence, accustomed to consider stresses, 
and one was so good as to compute the stresses in a beam identical 
with that of two of the balances. He reported that the beam was 
amply strong to carry a load without flexure, although condemning 
the design as clumsy. The slow flow of metals under stress is well 
known, and might provide an explanation were it not that the 
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beam of a balance is not under stress except in the short time of 
weighing. Moreover, some permanent set in one direction or the 
other might be expected. 

It remains to consider other probable causes of the inconstancy 
observed. 

There may be an alteration in the effective length of the two 
arms of the balance. In the case of the six balances examined, two 
had their end knife-edges set in sealing-wax, two were held by set 
screws, and the other two were apparently pressed in. In all three 
methods of construction, fortuitous movement of the knife-edge is 
easily conceivable, and to this explanation the author inclines. 

As a balance of the best make is generally regarded as capable 
of use to its assigned limit of accuracy, chemists generally have 
accepted its indications without question. The present inquiry, 
which only arose out of the main research, shows that this view is 
untenable if constant readings are to he expected over a relatively 
short time. Nor is there any indication as to when the variations 
may occur. As many chemical and physical experiments are neces¬ 
sarily lengthy, an unsuspected alteration of the indications of the 
balance may in the past have led to grave errors. It seems to be 
incumbent on balance makers to provide an instrument capable of 
carrying 200 grams in each pan turning with certainty to 0T milli¬ 
gram, and dependable in this respect for a reasonable time—say a 
year—-without alteration or readjustment, it being always under¬ 
stood that all proper care is taken in using the instrument. At 
the time of writing, it appears that such a balance does not exist. 

70, York St., 

Westminster, S.W. {Received, October 2 5th 9 1017.] 


X 01.—3 : i-Di-\)-nitrot.etra 2 )hcmylfiiran. 

By Arthur Gordon Francis. 

The formation of furan derivatives by the condensation of benzoins 
has been observed by several workers. Zinin (Zeitsch. filr Oh emu, 
1867, [ii], 3, 313), by the action of concentrated hydrochloric acid 
at 130° on benzoin, obtained lepiden, benzil, and an oil. Limpricht 
and Schwanert (, Ber 1871, 4, 337) showed that dibenzoylstilbene 
(Zinin’s acicular oxylepiden) is obtained by digesting benzoin with 
dilute sulphuric acid, and that when heated with benzoin it yields 
lepiden and benzil. On reduction, dibenzoylstilbene yields bidesyh 
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Magnanini and .Angeli (/for., 1889, 22, 855) .showed Unit when 

bidcsyl is heated with eon(centra,tod hydrochloric acid at 130-.1/10° 

for two hours, lepiden is formed. Dorn (Aim-nlm, 1870, 153, 358) 
suggested, and Japp and Klingemann (T., 1890, 57, GG2) showed, 
that lepideu is tetruphenylfurari. Japp and Tingle (T., 1897, 71, 
1138) proposed the formula: 


OPh==lTh 

CPIi<Jj>CPI.’ 


for diho 11 zoyIsti 1 bene. 

The relation of these compounds is shown in the following 

scheme .* 


Benzoin. 

C IT Fir OH 
COPh \ 

\ 

\ 


Bidcsyl. 

CHTVCUPh 

coph 4)?h 


nci ^ 

(W 1 * 

OPh CPh 

\/ 

o 

Lepiden or tetraphonylfuran. 



JJibonzoylstibouo. 

OPh=:-OPh 

I n I 
0Ph<;>cPh 
/ u 


More recently Irvine and McNicoll (T., 1908, 93, 950, 1601) have 
shown that metlioxyfuran derivatives can be obtained by the action 
of hydrochloric acid in methyl-alcoholic solution on benzoin, 
anisoin, and furoin, but that when ethyl alcohol is substituted for 
methyl alcohol no suc*h condensation products are formed, only the 
ethyl ester being obtained, as is usual in the Fischer esterification 
process. 

The author and Keane (T,, 1911, 99, 344) described ;/Mtit:ro» 
acetylbenzoiu, and attempted to hydrolyse this substance and also 
the nitrobenzoylbenzoin prepared by Zinin (Anrnden, 1857, 104, 
116). Zinin states that the position of the nitre-group in nitre- 
benzoylbenzoin was not determined. This compound is now shown 
■to be p-nitrobenzoylbenzoin, N O 2 • C fi PI 4 • CITBz'OBz, by the same 
methods that fixed a similar constitution for p-nitroacetylbenzoiii 
(loe. cit .). 

Both p-nitroacetylbenzoin and ^nitrobenzoylbeiizoin yield, on 
hydrolysis with hydrochloric acid under appropriate conditions, the 
same condensation product, together with 7>nitrbbenziL The reac¬ 
tion is quantitative, and for every three molecules of nitroaeyh 
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benzoin used, one molecule of the condensation product and one 
molecule of p-nitrobenzil are formed. This condensation product is 
shown to be 3 : 4~di-p-n ifroteiraphemjlfuran. The probable course 
of the reaction maybe stated as follows: 

(1) The nitroacylbenzoin is first hydrolysed: 

NOyC <3 HpCHBz*OBz(Ac) —> NOo-C c H 4 -CHBz-OH. 

(h) 

(2) Two molecules of the nitrobenzoin thus formed are condensed 
and reduced to dinitrobidesyl by a third molecule of nitrobenzoin, 
which is itself oxidised to p-nitrobenzil: 

N0 3 -C 6 H 4 *CHBz-0H 

N 0 2 * C rt H 4 * C H Bz * OH HO-CHBz*O fl H 4 -N0 3 


N 0 o * C 6 H 4 * CH Bz • OHBz • (* 0 H 4 • N0 2 + N 0, • O fi H 4 * COBz 

(II.) 

(3) The dinitrobidesyl under the influence of hydrochloric acid 
loses water and is converted into dinitrotetraphenylfuran : 

m v o c i-i (| *cii—c a ■ c fl H 4 - no, _ 

COPh CoPh " ~ > 




N<V<VVft 


—c-o # h 4 *no, 

CPh-OH CPh-OIl 


NO s -C 4 H 4 *C 


11 

OPh 


-C*C,HpN0 3 

OPh 


o 


From this view of the course of the reaction the constitution of 
the condensation product is regarded as 3:4-di-pniitrotetraplienyh 
furan. The intermediate compounds p-nitrobenzoin (I) and dinitro¬ 
bidesyl (If) have not as yet been obtained, although attempts were 
made to isolate them by partial hydrolysis by means of hydrochloric 
add and water? 

The investigation is accordingly incomplete in this respect, but 
the results obtained so far are published, as the author is likely to 
be prevented by pressure of other work from continuing the research 
for some time to come. 


Experimental. 

Ilydroh/m of p -Nitraacetylbenzoin. 

Forty grams of p-nitroacetylbenzoin melting at 125° (uncorr.) 
were dissolved in 500 c.c. of boiling 90 per cent, alcohol in a capa¬ 
cious flask fitted with a reflux condenser; When completely dis- 
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solved, 30 e.e. of concentrated hydrochloric acid (D 1*10) were 
added slowly through the condenser, so as not to stop the ebullition 
of the liquid. At the end of half an hour, yellow needles began to 
he deposited. After six hours a voluminous mass of crystals had 
separated, and the solution had a strong odour of ethyl acetate, "It 
was then filtered while boiling and. washed several times with boiling 
90 per cent, alcohol, to remove -p-nitrobenzil. The crude product 
melted at 207° (uneorr.), and after recrystallisation from glacial 
acetic add the pure substance (21 grams) melted at 211° (uncorr.). 
.From the alcoholic solution 10 grams of p-nitrobenzil were 
recovered. 

3: 4~D ‘h'l'hNit.rotelra\thent/1furan crystallises from glacial acetic 
acid in long, pale yellow, silky needles. It is very .sparingly soluble 
in light petroleum, ether, cold or hot 90 per cent, alcohol, or water, 
and moderately so in benzene, toluene, acetone, or chloroform. It 
crystallises best from acetic anhydride or glacial acetic acid. One 
grain dissolves in 50 c.c. of boiling glacial acetic acid; 

0*1002gave0*2G72 CO» and 0*0357 H a O. 0-72*72; 11 = 3*95. 

0*2744 ' „ 15*0 c.c, N 2 (moist) at 19° and 748*5 mm, N = 6*28. 

0*3384, in 17*677 benzene, gave E = 0*12°. M.W.-426. 

C 2S H 18 0 5 No requires 0 = 72*73; H = 3*90; N = 6*06 per cent. 

M,W. =402. 


Action of Alcoholic Hydrogen Chloride at 42° on p -Nitroaeetyh 

benzoin . 

Two grams of p nitroacetylbenzoin were heated with 150 c.c, of 
absolute alcohol saturated with dry hydrogen chloride in a thermo¬ 
stat at 42° for four hours. After some time a yellow solid sepa¬ 
rated, which on crystallisation from glacial acetic acid melted at 
210° and was dinitrotetraphenylfuran. 

From the portion soluble in alcohol only pmitrobenzil, melting 
at 140°, could he isolated, together with unchanged nitroacetyb 
benzoin. 

Action of Water on p -Niironcetylbenzoin. 

Five grams of nitroacetylbenzoin were heated with 10 c.c. of water 
at 180° for six hours. No pressure was observed on opening the 
tube. The aqueous layer was decanted through a filter and was 
found to contain acetic add. The solid product was a red resin; 
from which p-nitrobenzil melting at 140° and p-nitrobenzoic acid 
melting at 238° were isolated. No dinitrotetrapheny 1 fitran was iso¬ 
lated, nor could any intermediate product be obtained. 
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Consti tut ion of Nitre benzoyl!) enzoin 

Nitrobenzoylbenzoin was prepared by Zinin’s method (loc. cit .), 
The specimen melted at 137° (uncorr.). (Found, 1ST = 4*3. Calc,, 
N = 3’9 per cent.) 

When hydrolysed and oxidised by nitric acid (1) 1’4) it yields 
benzoic acid and p-nitrobenzil. When oxidised with a mixture of 
sulphuric acid (20 c.c. of concentrated sulphuric acid in 20 c.c. of 
water) and an approximately normal solution of potassium 
dicliroinate, as described for yMiitroacetylbenzoin (loc. cit.), it yields 
benzoic acid and yj-nitrobemoic acid. The constitution, 
(4)N'0 2 -C 6 H 4 (1 )*CHBz-0Bz, 

similar to that of ymiitroacetylbenzoin, is therefore deduced. These 
reactions take place with more difficulty than in the case of ywiitro- 
acetylbenzoin. 


Hydrolysis of p -Nitrohenzoylbenzoin ,. 

(1) Five grams of ^-nitrobenzoylbenzoin melting at 137° were 
heated under reflux with 150 c.c. of ethyl alcohol and 7 c.c. of 
aqueous hydrochloric acid (D 1*16), At the end of two and a-half 
hours there was no separation of yellow needles, no yellow colour in 
the solution, and no odour of ethyl benzoate. The yMiitrobenzoyl- 
bezoin was recovered unchanged. 

(2) Four grains of ^nitrobenzoylbenzoin were heated under 
reflux for twenty-four hours with a mixture of equal parts of 
aqueous hydrochloric acid (D 1*16) and amyl alcohol, more acid 
being added from, time to time. The insoluble product weighed 
2*2 grains, After crystallisation once from toluene and twice from 
glacial acetic acid, there remained 1*5 grams of dinitrotetraphenyl- 
furan melting at 210°. When mixed with dinitrotetraphonylfuraii 
melting at 211°, obtained by the hydrolysis of y/nitroacety 11 >exizoin, 
the mixture melted at 210°. The substances were therefore iden¬ 
tical. 

O5 1K M UJAL DKPA RTMMNT, 

8m John Cass Technical Institute, 

London, K.O. [Received, Reptcwhrr 1th, 1017.] 
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XOIl.—■ The “ Uniform Movement ” during the 
Propagation of Flame. 

By Waltku Mason and Richard Veiinon Wheeler. 

The imitial slow propagation oi* flame that takes place when an 
inflammable mixture at rest is igniter! at a point, is usually re¬ 
garded as controlled by the transference by conduction of the beat 
developed by the combustion of the mixture immediately surround¬ 
ing the point of ignition, whereby successive contiguous portions of 
the mixture are raised in temperature until chemical action becomes 
rapid. The initial speed of propagation of flame in a given mixture 
away from the point of ignition should mainly depend, according 
to tin's view, (1) on the conductivity for heat of the nnburnt mix¬ 
ture, and (2) on the velocity with which, a moderately heated layer 
begins to react chemically and so to rise gradually in temperature, 
o T :% in other words, on the rate of change of reaction velocity with 
temperature. 

Under certain conditions, with all inflammable mixtures of gases 
and air at atmospheric temperature and pressure, the initial slow 
propagation of flame can be maintained at a uniform speed over a 
considerable -distance of travel from the point of ignition. The con¬ 
ditions most favourable, or necessary, to obtain and maintain this 
a uniform movement ” of flam© are that the inflammable mixture 
should be contained in a long, straight, and horizontal tube open 
at one end and closed at the other; and that ignition should be 
effected at the open end of the tube by a source of heat not greatly 
exceeding in temperature the ignition-temperature of the mixture, 
and not productive of mechanical disturbance of the mixture. The 
speed of the uniform movement then depends on the composition 
of the mixture (presumed to be at atmospheric temperature and 
pressure), and on the diameter of the tube in which it is contained 
(sec p. 1051); above a certain (small) diameter the material of 
which the tube is made does not appreciably affect the speed of the 
flame. With a tube of given diameter the speed of the uniform 
movement of flame in a mixture can be regarded as a definite physi¬ 
cal constant for that mixture. 

Following Yicaire {Ann. Ghim . Phys., 1870, [iv], 19, 118), Mal¬ 
lard and Le Chatelier {Ann. des Mines, 1883, jyiii], 4, 274) put 
forward theoretical considerations respecting the transference of 
heat during the burning of gaseous mixtures, from which it should 
bo possible to deduce the speed of the flame during the uniform 
movement, as follows. 




DURING THE PROPAGATION OF FLAME. 


1045 


Suppose the flame to he propagated in a tube of uniform cross- 
section Idled with the combustible mixture at an initial tempera¬ 
ture 0. At a given moment during the propagation the “layer,” 
*■1 (Fig. 1), becomes inflamed. The mass of burnt gases which fills 
the tube behind A is at a temperature T, the “ combustion-tempera¬ 
ture A which can. be calculated. The layer ‘of gas immediately in 
contact with A and in front of it is at the ignition-temperature, t 3 
of the mixture, or, rather, at a temperature infinitely close to t. 
The successive layers in front are at temperatures gradually decreas¬ 
ing from t to 0. The layer A itself must he at a temperature, 
higher than T, for at the moment when it was inflamed it had 
already been raised to t. If we neglect the variation in the specific 

Fig. 1. 


t' 



heats of the gases between T arid T f , and assume 0=0, then 
T f ™ T \-t. 

At the moment of inflammation of the layer A, of thickness ds } 
the distribution of temperatures in the* tube can be represented as 
in Fig. 1, in which beyond A a gradual levelling of temperature 
from T r to T is shown. At the end of an infinitely short time, dr, 
the layer A f , of thickness ds next to the layer A } becomes inflamed 
in its turn and the whole diagram advances through a distance ds. 
For this to take place the front part of the tube must gain a quan¬ 
tity of heat represented by the infinitely small area tt f 06 f , which is 
equal to the rectangle AAHtK This quantity of heat is that neces¬ 
sary to raise the temperature of the layer of thickness ds from 0 to 
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t ; it is therefore equal to e f (t - 0)(h, r being the specific heat; of the 
burning or just burnt gases. 

The quantity of heat lost by the hinder part of the tube must 
balance that gained by the front part. Now the layer /I that 
gives up its heat in front is at a temperature T\ and is between a 
layer at a temperature f and one- at T. The quantity of heat given 
up by A in unit time will therefore be a function of T and 0 and 
can be stated thus: 

cJ(t-0)dg = drF(T,t), 

whence we obtain for the speed of propagation of flame: 


v - ds/dr « F(T y t) /c'(t-$) . (1 ). 

The exact form of the- function F(T,t) cannot readily lie deter¬ 
mined. However, one can presume that it is proportional to the 
eonduebibility, L } of the unburnt gas; and one can state that it 
becomes zero when T = t and for that value of T only. It would 
seem that when the temperature of combustion, r l\ exceeds the 
temperature of inflammation, t, the heat necessary for the inflam¬ 
mation of a layer can be transmitted integrally. We can therefore 
put the expression for v in the form: 

c(i - 0) 


( 2 ) 


and it may be that F(T,t ) is a constant. 

The- only point open to criticism in this otherwise lucid reasoning 
is that which attributes to the “layer” of gas that is actually 
burning a higher temperature ( T f ) than it would attain if it burned 
without previous heating to its ignition-temperature ( t ). Mallard 
and Le Chatelier found confirmation of this view in the observation 
by Gouy (Ann. Ghim. Phi/*., 1879, [v], 18, 1) that, as judged from 
photometric measurements, the surface of the bright green inner 
cone of a Bunsen flame is the hottest part of the flame ; for the 
surface of this inner cone is the “ burning layer” of a stationary 
explosion, the rate of propagation of flame downwards in. the mix¬ 
ture being equal to the rate of flow of the unburnt gases upwards. 
Gouy showed that there is a simple relation between the area of 
surface of the inner cone, the rate of flow of the mixture, and the 
speed of propagation of flame therein; and Michelson (Ann. Phy*. 
Ghent., 1889, [iii], 37, 1), who adopted in toto Mallard and Le 
Chatelier’s theoretical considerations, and at a later date Mache 
(Ann. Physih 1907, [iv], 24, 527) used this relation to determine 
the “ normal ” speed of propagation of flame in a number of 
■gaseous mixtures. 

Haber and Eichardt (Zeitsch. anorg. Ghem., 1904, 38, 5), how¬ 
ever, showed by actual thenno-electrical measurements that the 
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surface of the inner cone of a Bunsen flame is not the hottest part 
of the flame, and concluded that its brightness is a phenomenon of 
luminescence. Further, they denied the possibility of the burning 
layer during the uniform movement in the propagation of flame 
along a tube attaining a higher temperature than it would if it 
were heated merely by its own heat of radiation, for the reason 
that while it is burning it must lose to successive layers as much 
heat as it gained from earlier burnt layers. Haber and RichardDs 
argument is summarised in the following quotation from their 
paper (p. 55): 

Cf Die Vorwarmung eines explosiblen Gasgemenges erholt die 
Verbremmngstemperatur, wenn sie auf Kosten der War me des 
rarbrannten Gases erfolgt (Regenerativsystem, Ofen der Gasan- 
stalten u.s.w.), aber sie erholt sie niclit, wenn sie auf Kosten der 
War me des verhrennenden Gases erfolgte (Flamme, Explosion), denn 
da clas Gebilde, welches die Vorwarmung bewirkt, soviel Warme 
abgibt, als das vorgewarmte aufnimmt, so kann Temperatur- 
steigeruiig durch Vorwarmung nur eintreten, wenn die Warme- 
abgabe deni Temperaturansteig zeitlich nachfolgt und niclit, wenn 
sie- ilm begleitet.” 

We consider Haber and Richardt’s view to be the correct one. 
Milliard and Le Chatelier’s equation (2) is, however, affected only 
as regards the magnitude of the function F(T,t), which is, in any 
event, indeterminate. The important deduction from the equa¬ 
tion is that, in mixtures that have the same eonductibility for heat, 
the speed of the flame during the uniform movement should be 
directly proportional to T -~t, and inversely proportional to t — 6. 

The effect of variation in the eonductibility of the mixture on 
the speed of the uniform movement of flame is well shown with 
mixtures of hydrogen and air (Ha ward and Otagawa, T., 1916, 
109, 85). The fastest speeds are obtained with mixtures contain¬ 
ing from 38 to 45 per cent, of hydrogen instead of with the mixture 
that contains hydrogen and oxygen in combining proportions and 
has the highest temperature of combustion. The thermal conduc¬ 
tivity of hydrogen is 31*9 x compared with that of air, 

5*22 x 10~ r> , and, as already stated, the mixtures in which the 
speeds of the flames are fastest contain between one-third and one- 
half their volume of hydrogen. When the combustible gas has a 
thermal conductivity more nearly approaching that of the air with 
which it is mixed, and when it forms but a small proportion of the 
mixture, as with methane, the influence of thermal conductivity on 
the speed of propagation of flame can be neglected or regarded as 
constant. 

If c f also b© regarded as constant over the range of temperatures 
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concerned, the .speed of the uniform movement of flame in mixtures 
such as those of methane with air should be proportional to 
T i jt — 0 y if the uniform movement truly represents the transfer¬ 
ence of heat by conduction. In order to obtain data whereby to 
test this conclusion, and to elucidate the nature of the physical 
constant which we regard the uniform movement of flame to be, 
we have determined the speeds (in a tube 5 cm. ?.n diameter) in a 
number of mixtures of methane, oxygen, and nitrogen, of which 
we have also determined the relative ignition-tomperatures and of 


Fra. 2. 



which the theoretical combustion-temperatures have been calcu¬ 
lated. 

The results are shown in Fig, 2, which, apart from the problem 
with which we are now concerned, is of interest in showing the 
effect of reducing the oxygen content of the air on. its ability to 
support the combustion of methane. In the topmost curve the 
speeds of the flames are plotted against percentages of methane in 
atmospheric air*; the curve below was obtained with an “ atmo- 

* This curve, which is reproduced also in Fig. 3, is constructed from the 
figures given by Wheeler (T„ 1914, 105, 2909) after applying a correction 
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sphere” containing 20*60 per cent, of oxygen; then follow in suc¬ 
cession curves obtained with atmospheres containing 18*85, 17*60,. 
and 15*05 per cent, of oxygen respectively, the percentages of 
methane in each instance being percentages in the particular 
“atmosphere.” (For example, the 7 per cent, methane mixture 
with the 15*05 per cent, oxygen u atmosphere ” had the following 
coin position : methane, 7*0; oxygen, 14*0; nitrogen, 79*0 per 
cent.) 

It will be seen that the speeds of all the limit mixtures (in which 
a balance is struck between the heat generated on combustion and 
the heat required to start combustion) are the same. The calcu¬ 
lated ratios T—t/t — 0 for each limit mixture are, however, not the 
same, being greater by about 50 per cent, for the higher limit mix¬ 
tures than for the lower. 

Calculation of the theoretical combustion-temperatures of the 
mixtures is comparatively simple so long as they contain sufficient 
oxygen to burn the methane completely. When the oxygen is in 
defect it is necessary to take into account the mechanism of com¬ 
bustion of methane. This, in accordance with Bone's researches 
on the slow combustion of methane, and as Burgess and Wheeler 
found in their experiments with “limit” mixtures of methane, 
oxygen, and nitrogen (T., 1914, 105, 2596), involves, as the reac¬ 
tion essential to the propagation of flame, the formation of carbon 
monoxide, hydrogen, and steam in equal volumes, according to the 
scheme: 

(CHgO) 

0H 4 + 0, = C0 + H 2 + H 2 O. 

Following upon this reaction, the carbon monoxide and hydrogen 
are burned, practically completely to carbon dioxide and steam if 
the ratio 0 2 /C.Il 4 is 2*0 or greater; or, if the ratio is less than 2*0, 
proportionally to the oxygen-concentration. Analyses of samples 
of the burnt gases taken during the propagation of flame, before 
their cooling enabled the <c water-gas reaction ” to come into play, 
showed that with the mixture containing the lowest ratio, Ch/ClHj 
(namely, 1*20 for the higher limit mixture with air), the propor¬ 
tion of the methane' burned completely to carbon dioxide and steam 
was nearly 38 per cent,; whilst the proportion so burned increased 
regularly with, the ratio 0.>/OH tl to just over 99 per cent, for mix¬ 
tures with a ratio 2*0. 

that was found to be necessary by reason of the fact that the “ standard ” 
J-seconds clock used for the determinations recorded 50 seconds per minute 
instead of 60. The speeds given in Wheeler’s paper, although relatively 
correct (the paper dealt only with the relative speeds) are therefore too high 
by one-sixth. 
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The relative ignition-temperatures of the mixtures wore deter¬ 
mined in a manner winch will be described in a subsequent paper. 
It was found that, over the range of mixtures covered by the experi¬ 
ments now described, there was a nearly regular increase in the 
ignition-temperature as the ratio 0 2 /CH,, decreased. The relative 
ignition-temperatures can be regarded as ranging from 650° for n 
mixture containing 5*5 per cent, of methane in air to 700° for one 
containing 14*5 per cent. 

When the ratios T-~t/t~~6 for all the mixtures comprised within 
the curves shown in Fig. 2 are calculated, it is found that Mallard 
and Le Chatelier’s equation (2) holds very closely so long as the 
oxygen in the mixtures is in excess ; that* is to say, so long as it is 
possible for the combustion of the methane to be. carried rapidly to 
completion. 'When the combustion is incomplete, however, the 
ratio T—tjt — O is, in general, higher than the speed of the uni¬ 
form movement of flame in the mixture requires. If becomes, as 
already stated, markedly high for the upper limit mixtures. 

The natural inference to be drawn from this result is that there 
is an enhanced radiation loss through the walls of the tube during 
the propagation of flame in mixtures containing excess of methane, 
presumably because the process of combustion of such of the 
methane as burns is more protracted than when excess of oxygen is 
present, and the reacting molecules remain for a longer time in 
a condition of vibration such as to enable them to emit radiations. 
This presumed protraction of tire process of combustion (of which a 
long, luminous tail behind the flame-front in mixtures containing 
excess of methane is perhaps evidence) would prevent the attain¬ 
ment of the calculated “ comlmstion-temperaturc.” It is, in fact, 
evident from these experiments that little meaning attaches to the 
usual calculations of combustion- or flame-temperatures, if only for 
the reason that the effect of the loss of energy by radiation, and ttv# 
variations in that loss dependent on the duration of chemical 
change during combustion, are not taken into account. 

The Influence of the Diameter of the Tube on the Speed of the 

Uniform Movement of Flame in Mixtures of Methane and Air, 

According to Mallard and Le Chatelier, cooling of the hot gases 
by the walls of the tube does not appreciably affect the speed of 
the flame when the, diameter is sufficiently great, for the following 
reasons: The quantity of heat withdrawn from the burning gases 
by the walls of the tube is proportional to the perimeter, 2of 
the tube; to the difference between the temperature of the gasea 
and that of the tube, T — B; and to a coefficient of conductibility, h. 
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Tii© mass of the burnt gases is proportional to r 2 and to the speed 
of propagation of the flame, v; so that, if Q be tl:ie heat of com¬ 
bustion and c the specific heat of the burnt gases, 

Qrh) = cr*v(T - 0) + kr(T - 0), 

whence T = 0 + Q / (c + k jrv ). The temperature T will not be materi¬ 
ally affected when hjrv is negligible compared with c; that is to 
say, when r and v are sufficiently great. 

For their experiments with mixtures of methane and air, Mallard 
and Le Chatelier used glass tubes 5 cm. in diameter, which they 
considered to be sufficiently large to overcome the effects of cooling 
by the walls even with the most slowly moving flames. This we 
believe to be correct, for there is not much difference in speed in 
tubes from 5 to 10 cm. in diameter, whereas when the diameter 
of the tube is only 2*5 cm., the speed is reduced by about one-third. 
Cooling by the walls thus interferes with the measurement of the 
true speed of the uniform movement of flame in mixtures of 
methane and air unless the diameter of the tube exceeds about 
5 cm. When, however, the diameter is increased above 10 cm., the 
speed of the flames is affected by the coining into play of another 
factor, namely, convection. 

The influence of convection currents is noticeable with the fastest 
moving flames in tubes 10 cm. in diameter, the visible effect being 
a turbulence of the flame-front. So far as can be judged by eye, 
the turbulence is essentially a swirling motion in a direction nearly 
normal to the direction of’translation of the flame-front, which, as 
in tubes of smaller diameter, progresses at a uniform speed for 
about 150 cm. before backward and forward vibrations (the 
“ vibratory movement”) are set up. This swirling motion appears 
ah initio , and is due to rapid movement of the hot gases from 
below upwards by convection. In tubes of comparatively small 
diameter (5 to 9 cm.) this rapid movement is suppressed, although 
the shape of the flame-front shows that there is a definite movement 
of the hottest gases towards the upper part of the tube (see T., 
1914, 105, 2609). 

W© have determined the initial uniform speeds of the flames 
over the whole range of inflammable mixtures of methane and air 
in tubes 2*5, 5, 9, 30*5, and 96*5 cm. in diameter. The results are 
shown graphically in Fig. 3, in which the speeds of the flames are 
plotted against percentages of methane in air. If for any given 
mixture, say 10 per cent, methane, the speed of the flam© is plotted 
against the diameter of the tube in which it travels, a curve such 
as those shown in Fig. 4 is obtained. From these' curves it is clear 
that in tubes of less than 5 cm. diameter the speed of the flame is 

VOL, OXL T T 
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retarded Fry I,lie cording effect of the walls. In tubes of large 
diameter, ’however, from 10 cm, upwards, the speed of Mio Ha me is. 
proportional to (lie di,a.meter of the tube. 

The fi uniform movement of flame as deli nod by Mallard and 
Le Cliaholier (that is, “le mode do propagation par eonduetibilite > ') 
is thus a strictly limited phenomenon obtainable only in tubes 


Fig. ,‘J. 



within a certain range of diameter, large enough to prevent- 
appreciable cooling by the walls, but narrow enough to* suppress 
the influence of convection currents. The initial speed of flame in 
mixtures of methane and air is uniform also in tubes of largo 
.diameter—the flames travelled at a sensibly uniform speed over a 
distance of 10 metres in a tube 96*5 cm. in diameter and 44 metres 
lopg—but, as we have shown, this uniform movement does not 




Speed of uniform movement of flame in mixtures 
of methane and air . Cm. per second. 
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result from the normal transference of heat from layer to layer of 
the mixture by conduction. 

When speaking of the uniform movement of flame in gaseous 
mixtures, it is necessary, therefore, if Mallard and Le Chatelier’s 
definition be accepted, to specify the diameter of the tube in which 
the mixtures were contained. Alternatively, the initial slow 
uniform movement can be regarded simply as a particular phase 
in the propagation of flame that results when ignition is effected 
(in a quiescent mixture) at the open end of a straight, horizontal 
tube of any diameter closed at the other end; and not as resulting 
from a particular mode of heat transference. 


* Fig. 4. 



Experimental. 

The method of recording the speed of the flames, and the general 
mod© of procedure for the experiments in glass tubes, ‘have been 
described by Wheeler (lac. cit p. 2610). The method was essenti¬ 
ally that of registering on a chronograph the times at which fine 
screen-wires of copper (0*025 mm, in diameter), through which an 
electric current was passing, were fused as the flame, reached them. 
We may add to the description already given the detail that the 
electric current passing through the screen-wires was sufficient to 
raise them nearly to red heat. This arrangement ensured the 

T T 2 


Per cent. methane. 
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rapid melting of the wires as soon as the flame touched them, and 
therefore gave very uniform results; wires made from metals or 
alloys of low melting point, which could not be drawn so line or 
of so uniform a diameter as copper, were found, to be unsatis¬ 
factory. 

For the experiments in the larger tubes (80*5 and 1KW3 cm. in 
diameter respectively), which were of mild steel, the screen-wires 
were mounted on supports of brass wire reaching nearly to the 
horizontal axes of the tubes and fixed, through screwed-in plugs of 
vulcanite, 50 cm. apart along the length of each, the first screen- 
wire being 50 cm* from the point of ignition. 

The tube of 30*5 cm. diameter was 15*24 metres long. It was 
filed with the required mixture, which had previously been pre¬ 
pared in a gasholder of 42*48 cubic metres capacity, by displace¬ 
ment of air, six times the volume of the tube being taken for dis¬ 
placement. Samples of the mixture for analysis were taken, from 
the gas-holder and from near the open end of the tube just before 
ignition. The analyses always closely agreed. 

The tube of 96*5 cm. diameter was 44*25 metres long and was 
provided with a by-pass tube 15*24 cm. in diameter running its 
whole length, and fitted at either end with valves, which were 
closed during an experiment. A motor-driven fan was included 
in this by-pass connexion, and served to circulate the contents of 
both tube and by-pass when making the mixture of methane and air 
required for an experiment. The mixtures were made by passing 
into the tube a measured quantity of methane from a storage 
holder, displacing an equal quantity of air, and circulating the 
contents as aforesaid during two hours, the end of the tube at 
which the mixture was to be ignited being temporarily closed 
during this operation by a gas-tight cover of wood* Samples of 
the mixture for analysis were taken from both ends of the tube 
before -each experiment; no appreciable difference was found 
between the compositions of samples of the mixture at either end 
of the tub©. 

For all the experiments, including those in the glass tubes, the 
inethane used was from a blower of firedamp in South Wades, 
whence it was obtained compressed in cylinders. It contained no 
appreciable impurity other than between 2 and 21 per cent, of 
nitrogen. 

In the opening paragraphs of this paper we indicated some of 
the conditions necessary to ensure the obtaining of the uniform 
movement of flame* One of the essential conditions m that igni¬ 
tion should be effected at or within 3 or 4 cm. of the open end of 
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the lube. This is particularly necessary with narrow tubes, other¬ 
wise, if the point of ignition be some considerable distance within 
the tube, flame travels in both directions from the point of ignition, 
and the disturbance caused by the ilame travelling towards the 
open end affects the flame travelling towards the closed end. The 
result is that a vibratory motion is imparted at the outset to the 
flame, and records of the speed of the flame travelling towards the 
closed end show in consequence wide variations from one experi¬ 
ment to another with the same mixture. 

For example, the following records were made of the speed of 
flam© in a mixture of methane and air containing 10*00 per cent, 
of methane. A tube 5 cm. in diameter and 5'2 metres long was 
used. In one series of experiments, the point of ignition was 4 cm. 
from the open end of the tube and in another it was 17 cm. The 
speeds were measured between two screen-wires 50 cm. apart, the 
first screen being 40 cm. from the point of ignition. Ignition was 
by a secondary discharge across a 3 mm. spark-gap, using a 
“4-inch” induction coil with a current of 2*5 amperes through the 
primary circuit. 


Speed of “ U inform Movement ” Cm . per second. 



Point of 

Point of 


ignition 4 cm. 

ignition 17 cm. 


from open end. 

from open end. 

1 . 

93-3 

88*0 

fc> 

. 91*7 

9.1*3 

3 . 


88*8 

4 .. 


87*2 

r>. 


80*9 

6 . 


90*3 

7 ..... 

. 91*7 

94*5 

8 .. 

. 91-0 

83*3 

9 . 


80*2 

Mean .... 

........ 92*9 

87*8 

Variation 

d 1-2 

-1-0*7 


- M) 

— G*9 

Similarly, with a 

glass tube 2*5 cm. 

:in diameter, when ignition 


of a mixture of methane and air containing 1Q’25 per cent, of 
methane was effected at a point 15 cm. from the open end, vibra¬ 
tions were set up immediately in the flame travelling towards the 
dosed end, and wide variations were obtained in the records of 
speeds, as follows: 
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tfpeetl of “ Utriform Movement." (Un. per scennd. 

XVsiut of Point of 

i^ivition 4 cm. ignition 15 cm. 
from open end. from open end. 


1 . <>r»«r> 59*1 

2 . (i5*5 50-0 

3 . 00*2 52*5 

4 —.. 05*5 57*0 

Moan . (>5*7 54* G 

Variation . -[-0*5 +4*5 

- 0*2 - -4*0 


Apart from the wide variations in the recorded speeds when the 
point of ignition is too far within the tube, it will be seen that the 
mean of the results shows a slower speed than when the point of 
ignition is properly placed. The reason for this is that the flame 
that travels towards the open end acts as a drag on the llama 
travelling towards the closed end. In general, unless care be taken 
to avoid causing disturbance of the mixture at the moment of 
ignition, the records of speeds of flames obtained are of doubtful 
value. 

Another matter that requires attention is the possibility of any 
additional impetus given to the flame by the source of heat used 
to cause ignition affecting the recorded speed. This can be avoided 
by allowing the flame to travel a distance of 30 or 40 cm. before 
reaching the first screen-wire (see T., 1914 ,105, 2610). When 
this precaution is taken, the intensity and size of the source of beat 
used to ignite the mixtures can be varied considerably without 
affecting the measurements of the speeds of the flames, as the 
following experiments illustrate, 

A glass tube 2*5 cm. in diameter and 5 metres long was used, 
and the speed of the uniform movement of flame determined in a, 
series of mixtures of methane and air. The mixtures were ignited 
by (i) secondary discharge sparks from an “8-inch” X-ray coil 
with a current of 5 amperes through the primary circuit; 
(ii) secondary discharge sparks from a “ 4-inch ” coil with a current 
of 2*5 amperes through the primary circuit; and (hi) the flame of 
a taper. The point of ignition was 4 cm. from, the open end of 
the tube when sparks were used; at the open end when the taper- 
flame was employed. The first screen-wire was 40 cm. from the 
open end of the tube. 
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Speed of Cl Uniform Movement” Cm. per second. 


Methane. 

Ignition by 
“ 8-inch 55 coil. 

Ignition by 
“ 4-inch ’* coil. 

Ignition by 

Per cent. 

taper. 

7-10 

37*0 

37*3 

36*6 

7-80 

47-0 

47*7 

47-5 

8-05 

51-0 

52*5 

52*1 

8*60 

57-3 

58*0 

58*7 

9-10 

64*6 

64*0 

64*4 

9-50 

66-6 

68*3 

66-6 

9-95 

66-2 

67*8 

65-5 

10-25 

65*5 

65*5 

66-2 

10*55 

01*0 

61*8 

61-5 

.11-60 

46*7 

47*5 

47*9 

12-25 

35*0 

35*1 

35*0 


It will be seen that for any of the mixtures the recorded speeds 
did not show any abnormal variations traceable to the means of 
of ignition employed. 

[Received, October HM, 1917.] 


XCI1L —The Hydrolysis of Sodium Cyanide . 

By Frederick Palliser Worley and Vere Rochelle Browne. 

In the extraction of gold by the cyanide process, the degree of 
hydrolysis of the sodium cyanide at the dilution employed is con¬ 
siderable, and any investigation of the chemical actions which 
occur in this process involves an accurate knowledge of the degree 
of hydrolysis of the cyanide in solutions of different concentra¬ 
tions. In an investigation of the chemical actions occurring in 
the dissolution of gold by solutions of sodium cyanide, the results 
of which will be published in a .subsequent paper, it has been 
shown that the degree of hydrolysis of the cyanide is a most 
important factor in the rate of dissolution of the gold. The 
present paper deals with the degree of hydrolysis of sodium 
cyanide- in solutions of widely different concentrations at tempera¬ 
tures from 0° to* 30°. 

The method employed is so- simple that it would form a useful 
exercise for students of physical chemistry. It consists in com¬ 
paring the concentrations of hydrogen ' cyanide vapour above 
solutions of sodium cyanide and of hydrocyanic acid by drawing 
the vapour through a solution containing 0*2 per cent, of picric 
acid and 2 'per cent, of ©odium carbonate. The ■ intensity of ■ the 
reddish-brown colour produced in the indicator solution Varies 
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rapidly with the (mmxmicatitm of the hydrogen cyanide in the 
v/ipour, and by comparing the colour# produced when a stream 
of air passes through a series of solutions of sodium cyanide of 
one concentration alternating with solutions of hydrocyanic acid 
of different concentrations, the strength of hydrogen cyanide solu¬ 
tion can be found which has the same hydrogen cyanide vapour 
pressure as the sodium cyanide solution. 

E X r E K I M K N T A L. 

The sodium cyanide was freshly prepared, and in order to 
ascertain that no appreciable amount of free sodium hydroxide 
was present, a sample was dissolved in water and titrated for 
cyanide with a standard solution of silver nitrate, and for alkali 
with standard hydrochloric acid, using methyl-orange as indicator. 

The hydrocyanic acid was prepared immediately before use and 


F10. 1 . 



of the strength required by adding an equivalent amount of 
hydrochloric acid to a solution of sodium cyanide. 

In each experiment, two concentrations of hydrocyanic acid 
were employed, one of which had a higher hydrogen cyanide 
vapour pressure than the hydrocyanic acid solution and the other 
a lower pressure. The solutions of cyanide and of hydrocyanic 
acid were contained in 300 c.c. flasks and the indicator solutions 
in test-tubes, 10 c.c. of the indicator solutions being used and 
about 100 c.c. of the other solutions. The flasks and test-tubes 
were arranged as in Fig. 1, a test-tube containing sodium hydr¬ 
oxide solution being placed at the beginning in order to remove 
carbon dioxide. 

In a preliminary experiment, the difference in concentration ‘ 
between the two acid solutions was considerable, thereby giving 
an indication of the approximate strength required in order to 
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in a toll the cyanide solution. In subsequent experiments, the 
difference in concentration could lie made very much smaller, still 
allowing the intensity of colour produced by the cyanide to be 
intermediate between those produced by the two acid solutions 
or to coincide with one of them. Thus the concentration of 
hydrocyanic acid which had the same hydrogen cyanide pressure 
as the cyanide solution was determined within very narrow limits. 

Air was drawn through the flasks at the rate of about one 
bubble per second. 

At the higher temperatures, the apparatus was kept in a 
constant-temperature air-chamber electrically heated and electric¬ 
ally controlled, and at the lower temperatures in water at constant 
temperature or in melting ice. The temperatures employed were 
0°, 5°, 10°, 15°, 20°, 25 and 30°. 

Possible Sources of Error. —(1) By placing two indicator tubes 
together in series, it was found that the whole of the hydrogen 
cyanide was absorbed in the first, no perceptible change of colour 
being produced in the second. Thus one indicator tube after each 
flask was sufficient. 

(2) The amount of hydrogen cyanide removed from the solu¬ 
tion was found to be too small to affect the concentration or degree 
of hydrolysis of the solution. This was shown by measuring the 
degree of hydrolysis of the same solution of cyanide a second time, 
using fresh solutions of hydrocyanic acid, the result in the second 
case being the same as in the first. 

(3) The possibility of error due to the slight pressure gradient 
in the series of flasks was avoided by placing the cyanide solution 
between the two acid solutions. By reversing the order of the 
two acid solutions, placing the stronger after the cyanide in one 
experiment and before it in another (the same strength of solu¬ 
tion being used), no perceptible difference was observed, showing 
that the slight pressure gradient was negligible. 

(4) In order to ascertain whether the effect of the non-hydro- 
lysed sodium cyanide on the vapour pressure of the free hydrogen 
cyanide was of importance, experiments were carried out in which 
the hydrogen cyanide vapour pressure of hydrocyanic acid solu¬ 
tions containing sodium chloride was compared with that of solu¬ 
tions containing no salt. The presence of even large quantities of 
salt had no perceptible effect on the amount of hydrogen cyanide 
removed by the air, and it was consequently judged that the effect 
of the sodium cyanide was negligible. 

Eemits .—From the equation expressing the hydrolysis of 
sodium cyanide, 

NaCN + HjjO NaOH + HCN, 


ir tr 2 
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it is obvious that in the presence of a large excess of water the 
relationship between the concentrations of the various compounds 
should be expressed by the mass-action equation 
[NaOH] [HOB] ^ K 



and also- that this relationship should hold in th© presence of 
excess of either sodium hydroxide or of hydrocyanic acid. In the 


Fig. 2. 



O 4 C % /J «•* / 6 

Cube roots oj concentrations, 


absence of excess of alkali or acid, if G is the concentration of the 
total sodium cyanide and P the percentage hydrolysed, then 

P2 ° K 
100(100-P) * 

Experiments were carried out at 25° on the hydrolysis of sodium 
cyanide at a number of concentrations from 5'2 to 0*00725 gram- 
molecules per litres and at a concentration of 0*0435 in the presence 
of different amounts of sodium hydroxide and of hydrochloric 
acid* In the latter case, it is obvious that an excess of hydro¬ 
cyanic acid equivalent to the hydrochloric acid was liberated. 
The results of these experiments are shown in tables 1 and II, 
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Table 1. 


Gram-mots, 
of NaCN per 
litre (O). 

Tempera Pur e, 25°. 

Percentage 

hydrolysed 

(P). K x 10b 

P 

(calculated). 

5-20 

0*30 

0*47 

0*303 

2‘CO 

0*425 

0*48 

0*429 

1-00 

0*70 

0*49 

0*092 

0*325 

1-25 

0*50 

1*21 j 

0*163 

1*75 

0*49 

1*70 

0*0813 

2*5 

0*50 

2*40 ‘ 

0*0435 

3*3 

0*49 

3*27 

0*0290 

4*0 

0*48 

3*99 

0*0145 

5*5 

0*47 

5*59 

0*0073 

7*75 

0*47 

7-82 


Moan 0-484 


Table II. 

G'Q435 Gram-moh. of NaCN per litre. 


Gram-mols. of 

NaOH per gram- 

Percentage 


mol. of NaCN. 

hydrolysed. 

K X 10 

1*00 

‘ 0*11 

0*48 

0*50 

0*225 

0*50 

0*25 

0*45 

0*50 

0*01 

2*8 

0*47 

Gram-mols. of 

HOI, per gram- 
mot of NaCN. 

0*4 

40*175 

0*49 

0*3 

30*25 

0*47 

0*2 

20*45 

0*48 

0*1 

10*9 

0*47 


Mean 

0-488 


In the last column of table I is given the percentage of hydro¬ 
lysis calculated from the mean value of the constant. It is obvious 
that there is no perceptible variation in K beyond that due to 
experimental error, and that there is remarkably little difference 
between the degree of hydrolysis .found by experiment and that 
calculated from the mean value of K. 

In Fig. 2, the curve expresses the calculated degrees of hydro¬ 
lysis and the circles the experimental values, the abscissas being 
the cube roots of the concentrations in order to produce a flatter 
curve. The effect of temperature on the value of the constant was 
found from experiments carried out at intervals of 5° from 0° 
to 80°, Fewer concentrations were used than at 25°, at some 
temperatures only one concentration being employed. The results 
are given in table III, the relationship between the tempera- 
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tin*© and the 
in Fig. 3. 

mean values of K being shown 

Table III. 

in the form 

of a curve 

Temperature. 

O. 

P. K x 10‘. 

(Mean) 

0° 

0-550 

0-50 

0-14 

0-135 

— 

0-0435 

1-75 Y'd, 

0-13 

___ 

5 

0-550 

o-53 r 

0-15 

0*15 

10 

0-550 

0-54 

0-16 

0-16 

11 

0-550 

o-oo 

0-20 

0-20 

20 

0*325 

0-90 

0-27 

__ 

— 

0-0435 

2-5 "V'.-"' 

0*28 


— 

0-0145 

4-25 '.\-s 

0-27 

0*27 

— 

0-0030 

8-0 

0-25 


25 

Table i 

— 

0-484 

30 

0-325 

1-5 

0*74 


■— 

0-0435 

4-0 

0-72 

0*72 

^ ** 

0*0145 

0-75 

Fig. 3. 

0-71 




From tlies© results, it is possible to calculate the degree of 
hydrolysis of solutions of sodium cyanide of concentrations up to 
5‘2iT at any temperature between 0° and 35°, 

University College, 

Auckland [Received, September 2f Uh p 1917.] 
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XC IV.—The Poly sulphides of the Alkali Metals. Part 
III . The Solidifying Points of the Systems, Sodium 
Monosulphide-Sulphiir, and Potassium Mono- 
sulph ide-Sulphur. 

By John Smeath Thomas and Alexander Rule. 

The formation of poly sulphides, by the action of sulphur on 
alcoholic solutions of the anhydrous hydrosulphides of sodium and 
potassium has previously been investigated and described by the 
authors (T., 1914, 105, 177, 2819). By means of this reaction, it 
was found possible to prepare sodium tetrasulphide and potassium 
pentasulphide in the pure and anhydrous form, but it was observed 
that when attempts were.' made to utilise it for the preparation of 
other poly sulphides of lower sulphur content, the above-mentioned 
compounds, contaminated to a greater or less extent with the 
corresponding hydrosulphides, were always obtained. This result 
is in general agreement with the work of Bloxam (T., 1900, 77, 
753). ‘ 

By measuring the quantities of hydrogen sulphide evolved when 
known weights of the hydrosulphides of sodium and potassium 
were treated in boiling alcoholic solution with varying amounts 
of sulphur, the present authors (Joe. eit.) have shown that the 
reaction between sulphur and the hydrosulphides of the -alkali 
metals, in solution, tends to the formation of one- polysulphide 
only; in the case of sodium the tetrasulphide, and in the case of 
potassium the pentasulphide. 

The only polysulphide of sodium that Bloxam succeeded in pre¬ 
paring was the hydra,ted emieasulphide, to which he assigned the 
formula Na 4 S ft ,14H 2 0. He described, however, a regular series 
of the potassium compounds, including an emieasulphide which ho 
claimed to have isolated in the anhydrous state. The question of 
the existence of enneasulphides of the alkali metals will be dis¬ 
cussed later. It may, however, be pointed out here that the 
present authors have failed to obtain any such compound either 
of sodium or potassium. Further, in view of the ease with which 
the polysulphides of these metals undergo hydrolysis, and taking 
into consideration the fact that Bloxam’s preparations were carried 
out in aqueous solutions, the purity of the anhydrous polysulphides 
described by him seems open to question. 

There is, however, considerable evidence of the existence, in 
aqueous solution, of a series of , sodium polysulphides, from the 
disulphide to the hexasulphide, and possibly beyond, the work of 
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Kiister and Helper In in on this point being specially important 
(ZdUeh. anorg . (Them., 1905, 43, 53; 44, 431). These authors 
found that their results could only be explained satisfactorily Ivy 
assuming that the solutions dealt with contained a number of 
anions of the type S^, S^, etc., in equilibrium with each 
other. 

The present investigation was undertaken with the view of 
resolving* the present uncertainty as to the number and the relative 
stabilities of the solid polysulphides of sodium and potassium. 
Two main objects were kept in view. In the first place, it seemed 
desirable to decide, whether higher polysulphides of these metals 
than those which have been described can exist in the solid state, 
and, secondly, the nature of the lower polysulphides and the ques¬ 
tion of the existence of intermediate compounds required to be 
settled. The last-mentioned point is of especial interest in view 
of Bloxam’s conclusion (loc. dt ., and T., 1895, 67, 277) that the 
eimeasulphides of sodium, potassium, and ammonium can exist as 
stable compounds. 

In order to account for these intermediate compounds, Bloxam 
suggested that the poly sulphides of the alkali metals really consist 
of solid solutions of sulphur in fundamental compounds of the 
type R 4 S r> , and that therefore the general formula assigned to 
them should be R 4 Sj., where x may be any whole number greater 
than 5. In the case of rubidium and csesium, Biltz and Wilke- 
Dorfurt (Zeitsch. anorg . Ohem 1906, 48, 297; 50, 67 ; see- also 
Ber 1905, 43, 53), who thoroughly investigated the poly sulphides 
of these metals by a thermo-analytical method, found no indica¬ 
tion of the existence of the intermediate compounds required by 
this theory, and the present authors similarly have failed to con- 
linn the existence of such compounds of sodium and potassium. 
On the other hand, positive evidence has been obtained in support, 
of the simpler. general formula R>S.*. 

Experimenta l. 

The main portion of the experimental work described in this 
paper consisted of the determination of the freezing-point curves 
for the systems sodium monosulphide-sulphur and potassium mono¬ 
sulphide-sulphur, '’These curves were constructed in each case in 
two sections, the first consisting of that portion relating to mix¬ 
tures in which the percentage of sulphur exceeded that required 
for the formation of potassium pentasulplxide or sodium tefcra- 
sulphide, as the case might he, the second dealing with mixtures 
intermediate in composition between potassium pentasulphide or 
sodium tetrasulphide and the corresponding disulphide. 
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In a, second series of experiments, the higher poly sulphides were 
heated in a steady stream of hydrogen, and the rate of desxdphur- 
isation was determined by weighing at regular intervals. During 
each period of heating, the temperature was kept as nearly 
constant as possible, but it was regularly increased for successive 
periods. 

Finally, in order to decide between the simpler formula R 2 ^ 
and the double formula advocated by Bloxam, molecular weight 
determinations were carried out in the cases of those compounds 
which could be obtained in the pure state. For this, the ebuilio^ 
scopic method was employed, alcohol being the solvent. 

The hygroscopic nature of the substances dealt with made it 
necessary carefully to exclude moisture at every stage, whilst, 
owing to the ease with which they oxidise, all solidifying-point 
measurements had to be made in a stream of pure dry nitrogen. 
Frequently mixtures were obtained, especially when the composi¬ 
tion was not that of a compound, which supercooled to a remark¬ 
able extent, and it was sometimes possible to keep these mixtures 
in the supercooled condition for several days at the ordinary 
temperature, The crystallisation of these supercooled mixtures 
was usually accompanied by considerable increase in volume, and 
it often took place so rapidly that the crucible containing the 
mixture was shattered. 

Preliminary experiments showed that at temperatures above 
400° the fused substances attacked glass to an appreciable extent, 
the disulphides being more active in this respect than the tetra- 
or the penta-sulphides. Except at much higher temperatures, 
they are, however, all without marked action on glazed porcelain, 
and vessels of this material were therefore used to contain them. 

For the determination of solidifying points below 300°, the 
apparatus used was very simple. It consisted of a weighed 
crucible of glazed porcelain in which the weighed substance, from 
15 to 20 grams in amount, was placed. The crucible was then 
lowered to the bottom of a hard glass tube, about 30 cm. long, the 
lower end of which was sealed. This tube was clamped in a 
vertical position, and its upper end was fitted with a rubber 
stopper through which passed a thermometer, a porcelain stirrer, 
the exact weight of each having previously been determined, and 
two gas-delivei'y tubes. One of these tubes just passed through 
the stopper, whilst the other reached almost to the bottom of tjae 
apparatus. By their means, the air was displaced by dry nitrogen. 
The mixtures 'were fused by heating the apparatus in an oil-bath, 
and a similar bath was used to maintain' a constant external 
temperature during solidification. 

IT TJ* 
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In consequence of the higli .melting points, observed in the region 
of Hie disulphides, it became necessary to employ a form of 
apparatus more suited to their measurement than the one just 
described. An electrically heated arrangement was finally 
adopted. 

This consisted of an internally glazed porcelain tube of 
approximately 3*5 cm. in diameter and 50 ciu. long, clamped in an 
upright position, A portion of this tube was wound with nickel- 
chromium wire; current from the lighting circuit was used, and 
loss of heat by radiation, and oxidation of the wire were prevented 
by surrounding the wound section of the tube with a thick layer 
of kieselguhr,. 

It was found that temperatures up to 800° could easily be 
attained, and that when equilibrium conditions had been estab¬ 
lished, any desired temperature could be maintained, with very 
slight variation, over considerable periods of time. The pyrometer 
consisted of a platinum-platinum-iridium thermo-element in con¬ 
junction with a millivoltmeter, which was carefully calibrated. 
The hot junction was protected from the action of the fused sub¬ 
stances by enclosing it in a very thin-walled porcelain tube. For 
the reasons previously mentioned, silica could not be used for this 
purpose, and it was found inadvisable to employ platinum.* 

The lower portion of the furnace tube was packed with kiesel¬ 
guhr, through which a silica tube of small bore passed. On the 
kieselguhr, the crucible was supported so as to rest in that region 
of the furnace where the temperature was most uniform. It was 
placed in position and removed by means of a stout platinum wire 
looped round it. A rubber stopper pierced with four holes closed 
the upper end of the tube. Through these holes passed the pyro¬ 
meter tube, the stirrer, the platinum wire referred to, and, lastly, 
a delivery tube which, used in conjunction with the silica tube at 
the lower end, allowed of .the displacement of the, air by dry 
hydrogen or nitrogen. 

The pure potassium pentasulphide and the di- ■ and tetra- 
sulphides of sodium used in these experiments were prepared by 
the methods described in earlier papers of this series (loc. cit.). 
After preparation, they were kept in a vacuum desiccator over 
phosphoric oxide. 

It has previously been pointed out that potassium disulphide 

1 In some early experiments the hot junction was protected by a platinum 
tube, but at the close of the series the metal was found to he considerably 
lighter in weight. On dissolving tho fusion a brown, insoluble powder was 
obtained, which from a partial examination appeared to be platinum mono- 
sulpjhde. The quantity obtained, however, was insufficient to allow of a 
complete examination. 
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cannot be obtained by a method analogous to that employed for 
the preparation of the corresponding sodium compound, since the 
reduction of the pentasulphide by metallic potassium yields a poly¬ 
sulphide mixture consisting mainly of the trisulphide, but contain¬ 
ing a considerable amount of other substances, the removal of 
■which is very difficult. In their work on the polysulphides of 
rubidium and caesium, Biltz and Wilke-'Ddrfurt (Joe. cit.) obtained 
mixtures of low sulphur content by strongly heating the penta- 
sulphides in a stream of hydrogen. It was decided to use this 
method for the preparation of potassium disulphide. For purposes 
of comparison, sodium disulphide was also prepared in this way, 
and a series of solidifying-point determinations was mad© with 
material so prepared as the starting point. The results obtained 
in this series were found to agree very closely with those recorded 
in experiments in which sodium disulphide prepared by reduction 
formed the starting material. 

The sulphur used was twice recrystallised from carbon disulphide 
and then heated for several hours at 100° in order to remove the 
last traces of solvent. This substance was also preserved in a 
desiccator over phosphoric oxide. 


The Desulphur-isation of Sodium Tetrasulphide and Potamum 
Pentasulphide . 

The primary object of these experiments, as has already been 
mentioned, was the preparation of the materials necessary for the 
construction of the complete solidifying-point diagrams of the 
systems under consideration. The- removal of sulphur from the 
easily prepared higher polysulphides was effected by heating them 
in a steady stream of hydrogen. At half-hourly intervals, the 
heating was interrupted, and, after cooling, the amount- of sulphur 
lost by the substance was determined by weighing. During each 
period of heating, the temperature was kept as nearly constant as 
possible, and its value was 25° higher for each period than for the 
one immediately preceding. The variations in the- rate of removal 
of sulphur yielded valuable information with regard to the exist¬ 
ence of lower compounds, and especially as to their relative 
stabilities. 

The heatings, were carried out in a slightly modified form of the 
electrically heated furnace already described. A porcelain crucible 
of known weight and containing the weighed substance was intro¬ 
duced into the furnace tube and the stream of pure, dry hydrogen 
started. The gas was prepared by the electrolysis of a solution of 
barium hydroxide, using a. current of constant strength, thus 

tl 2 
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avoiding variations in its rate of flow. During the time that the 
temperature of the furnace was being adjusted to the constant 
value desired, the crucible was drawn into the cool upper portion 
of the tube, and on the expiration of each heating period the sub¬ 
stance was cooled quickly in the same way, 
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Loss in weight per 100 grams of sodium tetramlphide. 

The weight of sodium tetrasulphide taken was 15*673 grains, and 
an analysis of the substance gave the following figures: 

0*5657 gave 0*4624 Na 2 SG 4 . = 26*47. 

0*2464 „ 1*3178 BaS0 4 . S=73*47. 

Na 2 S 4 requires Na-26*44; S™ 73*56 per cent, 

The results obtained are represented graphically in Fig. 1, i\i 
which the loss in weight per 100 grams of sodium tetrasulpjude is' 
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plotted against the total time of heating.- The temperature main¬ 
tained during the previous half-hour is shown, and points are given 
at which, from the loss of weight, the fused material should have 
the composition of the mono-, cli-, and tri-sulphides. 

As will, be seen from the curve, the tetrasulpliide undergoes 
considerable decomposition below 300°, and from this point the 
velocity with which the sulphur is removed increases regularly as 
the temperature rises until the composition of the fusion approaches 
that of the disulphide, the temperature by this time having risen 
to between 625° and 650°. Before the loss reaches that calculated 
for the disulphide, however, the direction of the curve changes 
markedly, and the removal of sulphur proceeds much more slowly. 
This retardation is indeed so marked as to render the preparation 
of the monosulphide by this method, at the temperatures attain¬ 
able in the apparatus described, practically impossible. 

The values given on the curve are, of course, only relative, since 
the rate of loss of sulphur must obviously depend on the surface 
area exposed by the fused substance and also on the rate of flow 
of the hydrogen stream. They do, however, indicate the existence 
of a disulphide, the stability of which towards heat far exceeds 
that of the higher compounds. 

The total loss of weight in the course of the experiment was 
G*575 grams, and the composition of the product should therefore 
be Na = 45*43; S = 54*57 per cent. 

Analysis of the product gave the following results, which agree 
well with the composition calculated from the loss in weight : 

0*4846 gave 0*6795 Na 2 S0 4 . Na = 45*40. 

0*3725 „ 1*4810 BaS0 4 . S = 54*62. 

Na s S 2 requires Na = 41*76; 8 = 58*24 per cent. 

From the excellent agreement between the composition of the 
product as determined analytically and that calculated from the 
loss in weight, it is clear that the sodium polysulphides do not 
volatilise to any appreciable extent when they are heated at 
temperatures within the limits mentioned, and this was found to 
be equally true in the case of the potassium compounds. Biltz and 
WilkedDorfurt (Joe. at.) found, however, that when the disulphides 
of rubidium and caesium were prepared by this method, volatilisa¬ 
tion invariably occurred, and to a greater extent in the case of 
the caesium compounds than in the case of those of rubidium. It 
would seem, therefore, that the polysulphides of the alkali metals, 
like the halogen salts, show an increasing tendency to volatilise 
with rise in the atomic weights of the metals from which they are 
derived. « 



1070 


THOMAS A HD RULE: THE POLYSTJLPHIDES 


Turning to the preparation of potassium disulphide, the weight 
of tlie peiitasulpliide taken was 17*853 grams. The purity of the 
salts was established by analysis, in which the following results 
were obtained: 

0*3587 gave 0*2816 K 2 S0 4 . K = 32*76. 

0*2752 „ 1*3429 BaS0 4 . S = 67*09. 

KoS 5 requires K = 32*78; 8 = 67*22 per, cent. 


Fig. 2. 



Loss in weight per 100 grams of potassium pentasulphate . 


The removal of sulphur was effected and controlled in the 
manner already described, and the results obtained are shown 
graphically in Fig. 2. 
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Whereas sodium tetrasulpbide decomposes slightly at its melt¬ 
ing point, 274°, and loss of sulphur is appreciable at 300°, 
potassium peiitasulphide appears to be more stable at its melting 
point, although in this case also appreciable loss of sulphur occurs 
at 300°. 

As in the case of the sodium compound, the rate of removal of 
sulphur increases regularly as the temperature is raised, but the 
curve appears to indicate a slight retardation when the composition 
of the fusion approximates to that of the trisulphide, thus furnish¬ 
ing evidence of the existence of that compound as a substance the 
sulphur pressure of which remains constant betwen definite 
temperature limits. In the case of potassium, also, the great 
stability of the disulphide may be deduced from the marked 
change in the direction of the curve when the composition of the 
fusion approaches that of that compound. Even at 750° the 
further removal of sulphur takes place very slowly indeed. 

The final product of the experiment, after cooling, was analysed, 
and gave the following figures: 

0*3935 gave 0*4838 K«S0 4 . K = 55*17. 

0*4017 ' „ 1*3008 BaSG 4 . 8 = 44*49. 

K 2 S 2 requires K = 54*94; 8 = 45*06 per cent. 

The total loss in weight was 7*306 grams, and from this, assuming 
that no volatilisation of the sulphides had taken place, the com¬ 
position of the product should have been K = 55*46; 8 = 44*54 per 
cent. 

It is evident that sulphur had been removed in excess of the 
amount required for the formation of potassium disulphide. The 
agreement between the values obtained and those calculated from 
the loss in weight is not so good as in the previous experiment, 
but the divergence lies within the limits of reasonable experimental 
error. Since on examination of the furnace tube no trace of sub¬ 
limed sulphide, such as Biltz and Wilke-Dorfurt describe in the 
cases of the rubidium and caesium compounds, was found, it was 
concluded that, as in the case of the sodium compounds, no appreci¬ 
able volatilisation had occurred. 

Both potassium peiitasulphide and sodium tetrasulphide fuse to 
deep red, almost black liquids, and this is also true of the various 
products obtained from them by the removal of sulphur. On 
solidification, the penfca- and tetra-sulphides crystallise quickly 
with very little supercooling, and the disulphides also crystallise 
quite readily, although supercooling is more marked in their case. 

Between the di- and/ the tetra-sulphides, however, and especially 
in the neighbourhood of the trisulphides, red, glass-like substances 
were always obtained. In these cases, inoculation often failed to 
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promote crystallisation, aiif 1 the amorphous Biihsinnces thus 
obtained could be kept for considerable periods at the temperature 
of the laboratory, Crystallisation usually lawk place, with great 
rapidity when Ihc fmnpomturo was raised, ami, owing t.o Us being 
accompanied by eoi mide rabies .iiicreaso of volume, shalfenug of the 
containing vessel commonly resulted. .After crystallisation, the 
mass usually remained transparent and reel, but presented the 
appearance of fracture in all directions. When the substances 
after crystallisation were allowed to remain, the crystalline form 
apparently changed, and the mass became, opaque and pale yellow, 
the depth of the colour depending on the percentage of sulphur 
in the substance. In all cases the products were soluble in water, 
forming clear, yellow solutions, which,, however, rapidly became 
cloudy owing to oxidation. The solutions of the disulphides were 
only faintly coloured, but increase in the sulphur content-was in 
each case accompanied by a progressive increase in the intensity 
of the coloration. 

The System,Sodium Mon osulphide-Sulphur. 

The apparatus employed in the investigation of this system has 
already been described. Every experiment was carried out in a 
stream of nitrogen which had been passed over red-hot copper and 
then over phosphoric oxide. 

During the cooling of the mixtures, the temperature was read 
every fifteen seconds. The accuracy of the measurements depended 
not only on the exactness of the temperature readings, which in 
the case of the thermometer could be trusted to 0*2°, and in that 
of the pyrometer to 1—1*5°, hut'also on the general tendency of 
the curve and the ease with which crystallisation could be induced. 
Thus the error in the neighbourhood of the disulphide, where the 
curve is steep, is probably far greater than in the regions where 
the curve is comparatively flat. Similarly, higher accuracy is 
attainable in the case of those mixtures which solidify sharply 
without supercooling than in the case of those in which the 
tendency to' supercooling is very great, and crystallisation, even in 
the most favourable circumstances, only proceeds slowly. In these 
cases, the error in single determinations may be relatively great. 

The results obtained in the analysis of the original material 
used for the construction of the section of the diagram lying 
between the disulphide and. the tetrasulphide have already been 
given. On analysis, the tetrasulphide employed as starting 
material for the mapping out of the remaining portion of the curve 
gave the following figures: 




03? THE ALKALI METALS. PART III. 


1073 


0*4931 gave 0*4019 NagS0 4 . Na-26*39. 

0*2785 „ 1*4904 BaS0 4 . S = 73*52. 

Nn,.,S.| requires Na = 26*44; S = 73*56 per cent. 

At the commencement of each series of experiments, the sub¬ 
stance, the crucible containing it, and also the thermometer and 
stirrer employed, were weighed. After each solidifying-point 
determination, the fusion was allowed to cool in an atmosphere of 
nitrogen, and, when cold, after removing the volatilised sulphur, 
the substance, etc., were re-weighed. The increase in weight gave 


Fia, 3. 



the amount of sulphur actually added, and from this the per¬ 
centage composition of each fusion was calculated. 

As a check on the compositions determined in this way, the final 
mixture obtained in each series of measurements was analysed. 
In every case the analytical results agreed well with the percentage 
compositions calculated from the total Increase in weight. 

In table I, the experimental results obtained for the different 
mixtures investigated are given, and they are also graphically 
represented in Fig. 3. In this diagram, the solidifying points of 
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Table I. 


Percentage of 
phur in mixture. 

1 

w S»j 

U Q. O 

oS3 

ur\ ° 

r® P O 

i 

o 

ft 

6J0 

a 

jo 

Dlidifying point 
of eutectics. 

.Remarks, 


m 

a«a 
3*3 & 

m 

m 




& 





54*57 

0*723 

504 

__ 



55-25 

0*771 

455 

— 



56-39 

0*855 

439 

132 



57-91 

0*970 

445 

— 



59-04 

1*067 

440 

— 



60-18 

61*08 

61*91 

1*168 

1*252 

1*330 

432*5 

421-5 

413 

— 

Eutectic point doubtful 
Approximate m. p., 
Na a So. 

These points 
were deter- 
-mined pyro- 

62*38 

1-380 

403-5 

— 

motrically. 

62*92 

1*437 

390 

—. 


63-63 

1*513 

374 

— 



64*25 

1*580 

356-5 

184 



64*95 

1*662 

322 

160 



65*74 

1*752 

290 

? 

Probably m. p. eutectic 






—206, J 


66-10 

1*800 

206 

206 

This point is taken from the curve. 

66-32 

1*829 

214*5 

? 

The eutectic solidified amorphous 
and this accounts for the wide 

66*74 

1*883 

21S 

200 

07*14 

1*935 

220 

— 

difference in the values observed. 

67- 69 

68- 05 

2*010 

2*060 

223 

223-5 

— 

jm.p., Na 2 S s , taken as 223*5°. 

68*61 

2*140 

235-5 

223 

\ 


69*29 

2*241 

246 

223 

1 Mean solidifying point of eutectic 

09-67 

2*301 

252 

221*0 

| = 222-G°. 


70*13 

2*364 

256 

222-5 

j 


70-42 

2*421 

263 




71*25 

2*550 

267-5 

— 



72*35 

2*760 

273 

— 



73*50 

3*000 

275 

— 

Solidifying point of Na»S 4 . 

74*15 

3*114 

272-5 

— 



74*45 

3*180 

269 

— 



74*62 

3*217 

266 

247 

1 


74-96 

3*294 

260-5 

247-5 

| Mean solidifying point of eutectic 

75*17 

3*342 

257*4 

248 

[ = 247•6”. 


75*38 

3*392 

253*5 

247*8 

1 


75*72 

3*522 

248*7 

.—. 



,76*29 

3-615 

250 

.— 



76*37 

3*636 

250 

— 



76*97 

3*794 

251 

— 



77*43 

3*921 

251*8 

— 



77*71 

4*001 

251*7 

— 

Solidifying point of UskS*. 

78*03 

4*094 

250 

~~~ 



78*31 

4*179 

249*5 

— I 



78*41 

4*209 

249*7 

- 

Saturated solutions of 

sulphur in 

78*63 

4-278 

249-7 

_ | 

NaoS s with m. p. 249*6°. 

79*15 

4-445 

249-5 

— I 

“The other layer was 

sulphur with 

80*15 

4-792 

249-0 

_ 

solidifying point 118°. 

81*18 

5-200 

249*4 

- J 
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the mixtures used are plotted against their compositions, the latter 
being expressed as the number of gram-atoms of sulphur added per 
gram-molecule of sodium monosulphide. 

As will b© seen by reference to the curve, the system contains 
two well-defined eutectics, the first of which lies between the tri- 
sulphide and the tetrasulphide, contains 68*15 per cent, of sulphur, 
and melts at 222*6°, whilst the second lies between the tetra- and 
penta-sulphide. The melting point of this second eutectic is 
247*6°, and it contains 75*48 per cent, of sulphur. In addition to 
these, there can be no doubt from the general tendency of the 
curve that eutectics also exist between the di- and tri-sulphides, 
and also between the monosulphide and the disulphide. Owing 
to undercooling, the melting point of the di-tri eutectic could not 
be determined accurately, but it is in the neighbourhood of 206°, 
and the mixture contains approximately 65 per cent, of sulphur. 

For the definition of the monosulphide-disulphide eutectic, only 
one observation was obtained, and this was made pyr ©metrically. 
The halt, which was fairly distinct, occurred at a temperature of 
432°. Although the existence, and especially the exact solidify¬ 
ing point, of this eutectic mixture cannot be considered to be 
determined by such a single measurement, it should be pointed 
out that the observation is in agreement with the general direc¬ 
tion of the curve, so that, on the whole, the conclusion is justified 
that the mono-di eutectic does exist, and that its solidifying point 
is probably in the neighbourhood of 430°. It contains approxim¬ 
ately 55*8 per cent, of sulphur. 

The solidifying point of the monosulphide has not been deter¬ 
mined, since a sufficiently high temperature could not he obtained 
in the apparatus employed. It would seem probable, however, 
from the direction of that portion of the curve which lies between 
the monosulphide and the mono-di eutectic, as defined by the two 
points actually observed, that the melting point of the mono- 
sulphide must exceed 800°. 

Turning to the maxima exhibited by the diagram, the first 
maximum occurs when the composition of the mixture corresponds 
with the disulphide, the temperature being 445°. From the fact 
that on either side of this point the curves fall away very steeply, 
it follows that the disulphide is quite stable towards heat at its 
melting point. 

From the disulphide, the solidifying points of the mixtures fall 
nearly 250° until the di-tri eutectic is reached, from which point 
they again rise, but much less rapidly. In the case of the tri¬ 
sulphide, a definite maximum is not shown, but the existence of 
this compound is established, first, by the pronounced break which 
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is observed in the curve when the mixture has. the com position of 
the it [sulphide, and, secondly, by the presence of both di-tri and 
tri-t-eir a eutectics. 

The absence of a definite maximum is evidence of the unstable 
character of the trisulphide, which must decompose at a tempera¬ 
ture below its melting point. 

From the break indicating the existence of the trisulphide, the 
curve* again rises to a maximum at 275°, at which point the fusion 
has the composition of the tetrasulpliide. Thus the -existence of 
this compound as a substance stable at its melting point is 
established. 

The behaviour of mixtures containing a higher percentage- of 
sulphur than the tetrasulpliide is interesting. As the sulphur 
content is increased, the solidifying points become lower until the 
tetva-penta eutectic melting at 247*6° is reached. From this 
point the curve appears to be almost horizontal, but on closer 
inspection a very -slight rise can b© seen which reaches a maximum 
at 251-8°, the rise therefore being only 4*2°. At this maxim,urn 
point, the substance has a composition practically identical with, 
that of the pentasulphide. 

Kremann ( Monatsh 1904, 25, 1311) has shown that in the case 
of additive compounds, dissociation must theoretically result in 
the flattening of the maximum, and that this flattening must be 
the greater the greater the extent to which dissociation takes place. 
He has investigated cases, for example, trinitrebenzene- 
naphtlialene, in which the solidifying points of both eutectics and 
that of the compound only differ by one or two degrees. It would 
appear that in the case of sodium pentasulphide, the fused sub¬ 
stance is so strongly dissociated that the dissociation products are- 
able to lower the maximum to a point very little above the teivra- 
penta eutectic on the one hand, and the solidifying point of the 
saturated solution of sulphur in sodium monosulphide on the 
other. Abegg and Hamburger (Zeifor.h. nnorg . Oh cm., 1906, 60, 
435) have recorded a similar observation in the case- of the poly¬ 
iodides of potassium, and their results have been confirmed 
by Kremann (MonaUh., 1912, 33, 1081). In this case, the differ¬ 
ence between the maximum and the eutectic temperatures was 
found to be 3*7°. 

The results obtained by the authors in their present investiga¬ 
tion lead to the conclusion that the pentasulphide- is the highest 
polysulphide obtainable by fusing together sodium monosulphide 
and sulphur, for immediately beyond the pentasulphide maximum 
the curve becomes, horizontal, indicating the- formation of a 
saturated solution of sulphur in the latter compound. The melt- 
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ing point of the. saturated solution is 249*6°, and several points 
were obtained differing from this value b}? only 0*1—0*2°, although 
the sulphur content was varied considerably. 

In order to make quite certain that this horizontal line really 
represented the formation of a saturated solution, the solidifying 
point of a mixture of equal amounts of sodium tetrasulphide and 
sulphur was determined. After the fused mixture had been 
thoroughly stirred, it separated into two layers, the lower of which, 
the saturated solution, solidified at 249*4°, whilst the upper layer 
of sulphur remained liquid until the temperature had fallen to 
118°, when it solidified to a pale yellow mass. From the appear- 
ance of the sulphur so obtained, and also from its solidifying point, 
it would seem that the sodium polysulphides do not dissolve in 
molten sulphur to any appreciable extent. 

No evidence whatever is furnished by the results obtained in this 
investigation of the existence of intermediate compounds, such as 
the eniieasulphide. If intermediate compounds exist fit all, they 
can only do so at low temperatures. 


The S'f/alem, Potassium Man onulph ide-SuPphur. 

The methods and, apparatus employed in the investigation of this 
system were exactly similar to those already described when dealing 
with the sodium series. 

As starting materials, the pure pentasulphide was used in one 
case, and mixtures obtained by expelling sulphur from the penta¬ 
sulphide by heating it in a stream of hydrogen were employed in 
other series. Analyses of the pentasulphide and of a mixture con¬ 
taining less sulphur than the disulphide have already been given. 
In addition to these, a third material was employed, which on 
analysis gave the following results: 

0*4971 gave 0*4639 ILSO*. K-41*88. 

0*2333 " „ 0*9856 BaS0 4 . S = 58*04. 

These figures agree well with the composition calculated from 
the loss in weight, and the substance therefore approximates to the 
trisulphide, 

At the end of each series of determinations the final product was 
analysed. In every case the figures obtained were found to be in 
good agreement with the composition calculated from the weight 
of sulphur added in the course of the series. 

The results obtained are given in table II, and in Fig. 4 they 
are represented graphically. 
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Table II. 


.1 

°ts 

ffl-S 

SPS 


8| 
cp si 
Pu ft 


s s . 
•g n% 
s 

I S'g 

b Cu° 

*s gT3 

d) Jh^«^ 

pQ rj O 


fl 


.g tfi 

S.g 

ttD © 
*■§ 

o 


tO 


m 

m 

44-55 

0*959 

467-5 

_ 

45*56 

1-041 

468 

— 

46-89 

1*145 

464-5 

— 

48-09 

1-259 

452-5 

— 

49-18 

1-360 

433 

— 

50-63 

1-501 

390*5 

254 

51-97 

1*638 

360 

249 

53-02 

1*752 

311 

249 

54-32 

1*900 

251*5 

251*5 

55-51 

2*042 

251*6 


57-06 

2*240 

238 


57*78 

2*342 

217-4 

— 

58*93 

2-499 

189 

— 

59-62 

2-600 

160*5 

— 

60-15 

2-691 

101 t 

101 ? 

60*55 

2-743 

130-7 

— 

60-95 

2-807 

141*6 

— 

62-02 

2-983 

145*5 

— 

62*38 

3-043 

152 

144 

62*72 

3-102 

166 

142-5 

63-70 

3-279 

178*2 

145 

64*58 

3*445 

192 

142 

65-74 

3*680 

201*9 


66-79 

3*905 

204*3 

— 

67-22 

4-001 

206*5 

— 

67*99 

4-179 

204*2 

— 

68-73 

4*360 

200 

— 

69*21 

4*480 

196*7 

183 

69-59 

4*580 

192-2 

183-7 

69-81 

4*637 

190 

183*1 

70-26 

4*709 

187 

182*4 

70-57 

4*847 

185*2 

182*2 

70-86 

4*930 

3 88-6 

.—- 

71-21 

5-031 

188-9 

— 

71-56 

5*135 

188 

— 

72-26 

5*352 

188-1 


74-11 

5-981. 

187*9 

—. 

76-42 

6*902 

188*3 

— 


Remarks. 


|l3i-tri outectic. 

I Mean m. p. « 


250*9* 


These points 
were deter¬ 
mined pyro- 
metricaliy. 


J 


Amorphous. Probably tri-totra eutectic. 


) Tet>ra-penta outectic. 
Mean in. p. « 143*4. 


Penta-hexa eutectic. 
Mean m. p. «* 182*9°, 


j Saturated solution of sulphur in 
- iOS 6 , m. p. 138-1. 

I The sulphur layer solidified at 117*5°, 


An examination of the diagram renders quite clear the existence 
of three 'well-defined eutectic horizontal lines which lie between 
the di~ and tri-sulphides, the tetra- and penta-sulphides, and the 
penta- and hexa-sulpbides respectively. The eutectic mixtures 
corresponding with these horizontal lines have the following com¬ 
positions and melting points; 



OF THE ALKALI METALS, PART III. 


1079 


Di-tri eutectic, S = 54*32 per cent., m. p. 250*9°. 

Tetra-penta eutectic, S = 62*31 per cent., m. p. 143*4°. 

Penta-hexa eutectic, S = 70*39 per cent., m. p. 182*9°. 

Owing to the difficulty of obtaining* the necessary material and 
the previously mentioned limitation of the apparatus employed, tlie 
region between tlie mono- and di-sulphides lias not been investi¬ 
gated. 

Between the trisulphide and the tetrasulphide a region was 
encountered in which the tendency of the fusions, to form highly 
supercooled, amorphous masses was very marked, and here no trust- 


Fiq. 4. 



Composition; Atoms of sulphur per molecule of potassium monosulphide. 


worthy transition points could be obtained. It seems probable 
that the amorphous substance referred to in the table really 
consists of the tri-tefra eutectic mixture. 

The curve exhibits live maxima, of which those corresponding 
with the di~, tri-, and penta-sulphides are quite distinct. They 
occur at temperatures of 470°, 252°, and 206*5° respectively. The 
compounds mentioned, therefore, can exist as stable substances at 
their melting points. 

Of the two- remaining maxima, that which, indicates the exist¬ 
ence of the hexasulphi.de, and is found at 189°, is flattened in the 
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same way as the previously discussed sodium poutasulphide 
maximum, being but 1° higher than the saturated solution line 
on the. one hand and 6° above the peuta-liexa eutectic on the 
other, Potn.ssiu.in hexasulphide Is therefore very considerably dis¬ 
sociated at its melting point. 

In the ease of the tetrasulphide, the curve sho-ws no definite 
maximum, but the existence of this compound, the least stable 
towards heat of the polysulphides of potassium, is indicated by the 
decided break observed in the curve at the point where the com¬ 
position of the fusion corresponds with that of this compound. 
The temperature at which this break occurs is 145“5°. 

At 188°, when the mixture contains 71*5 per cent, of sulphur, 
■the curve becomes- horizontal, and the addition of comparatively 
large amounts of sulphur does not affect the solidifying point. 
When a sufficiently large amount of sulphur is added separation 
into two layers can be observed, the one consisting of a saturated 
solution of sulphur in the hexasnlphide, solidifying at 188°, whilst 
the other solidifies at 117*5°, and is practically pure sulphur. 

As in the case of the sodium series, this investigation furnished 
no evidence whatever of the existence of intermediate compounds, 

A comparison of the results of this investigation with the work 
of Biltz and Wilke-Dorfurt (Joe. tlit.) on the polysulphides of 
rubidium and caesium is interesting, and brings out more clearly 
the observation mad© by the authors in an earlier paper that, 
whilst the polysulphides of potassium, rubidium, and caesium 
resemble one another very closely, the sodium compounds exhibit 
notable differences. Thus, whilst the three elements first named 
all form, hexasulphidea and stable pentasulphides. in the ease of 
sodium no trace of the existence of a hexasnlphide could be 
detected, and the peutasulphide is relatively unstable. On the 
other hand, sodium tetrasulphide is stable and the t r[sulphide 
unstable, this order being reversed for the potassium, rubidium, 
and caesium compounds. As regards their appearance, stability, 
and solidifying points, all the disulphides appear to be similar in 
character. Towards heat, these compounds show greater stability 
than any other of the polysulphides of the alkali metals. 

For purposes of comparison, the solidifying points of the com¬ 
pounds and eutectic mixtures investigated by the authors-, together 
with the values obtained by Biltz and Wilke-Dorfurt in the 
rubidium and caesium series, are given in table III. 
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Table III. 


Compound or eutectic. 

Sodium. 

Potassium. 

Rubidium. ( 

bos ini 

Disulphide .... 

445-0° 

471-0° 

420-0° 

460*0* 

Di-tri eutectic . 

200-0 

250*9 

200*0 

205-5 

Trisulphide .... 

223-5 

252*0 

213-0 

217-0 

Tri-tetra eutectic ... 

222-0 

? (amorphous) 

148*5 

151*0 

Tetrasulphido... 

275-0 

V 

&- 

OX 

© 

> 100*0 > 

J60-0 

Tetra-penta eutectic .. 

247*6 

143-4 

159-5 

159*5 

Pentasulphide . 

251*8 

206*0 

231-0 

210-0 

Ponfca-hexa eutectic . 

— 

182-9 

189-8 

3 73-0 

Hexasulphide .. 

— 

189-0 

201-0 

180-0 

Saturated solution. 

249-0 

188*1 

184*6 

3 72-8 

The Molecular Weights of the 

Poly sulphides of Sodium 

and 


Potassium in, Alcoholic Solution. 


The view expressed by Bloxam (joe. rit.) that the character of 
the poly sulphides of the alkali metals is belter denoted by the* 
general formula R 4 $ tf . than by the usually accepted formula R a S^., 
and that they are to be regarded as derivatives of a compound of 
the type R 4 8 fj , has already been referred to. The existence of 
compounds of the last-mentioned type has not been established by 
substantial experimental evidence, but the theory was put forward 
as an attempt to bring the various intermediate compounds which 
Bloxam claimed to have isolated, of which the so-called ennea- 
sulphides are the best examples, into line with those compounds, 
such as the tetra- and penta-sulphides, the existence of which was 
generally recognised. 

As regards the rubidium and caesium compounds, Biltz and 
Wilke-Dorfurt (loc. ,cit.) found no trace of any such intermediate 
compounds, and the present authors conclude similarly in the cases 
of the sodium and potassium compounds. Intermediate com¬ 
pounds, if they exist at all, must be of an extremely unstable 
character. 

In order to obtain further evideuce as to whether the single or 
the double formula is to be preferred for these compounds, the 
molecular weights in alcoholic solution have been determined for 
such of them as can readily be obtained in the pure state. For 
this purpose, the ebullioscopic method was employed. Carefully 
dried alcohol was used, and the polysulphides employed had also 
remained for several days over phosphoric oxide. In every case 
their' purity was established by analysis. 

Several determinations were carried out with each substance, 
solutions of different concentrations being used. It should be 
pointed out, however, that owing to the sparing solubilities of 
sodium sulphide and potassium, pentasulphide, it was not possible 













1082 


THOMAS AND BUM : TUN 1’OLTSULI*HIDES 


in tli© cases of those substances to vary the concentration of the 
solutions used to any (considerable extent.. 

The following results were obtained: 


Sodium 1 dxid-ph Ida. 


Number of 

Weight of 
substance 
taken. 

Weight of 
alcohol. 


experiment. 

1 

dram. 

drams. 

E. M.W 

0*2395 

22*20 

0*008° 70*571 

o 

0*3441 

31*24 

0*173 74*40 Moan = 

8 

0*3084 

31*07 

0*184 73*97) 


Na 4 »S 4 requires M.W. — 220-28. 
Na,8, ,, „ - 110*14, 


Sodium> TetntxnIphido. 


Number of 
experiment. 

Weight of 
substance 
taken. 
Grams. 

Weight of 
alcohol, 
drams. 

E. 


M.W. 

I 

0*2210 

31*40 

0*071° 

115*704 


2 

0*4278 

30*91 

0*152 

100*53 

Mean excluding 

3 

0*0194 

30*13 

0*200 

120*20 1 

-No, 2 a* 119*8. 

4 

0*8908 

30*05 

0*290 

118*05 | 


5 

1*1830 

31*07 

0*358 

123*07, 



Na 4 S 8 requires M.W. « 848*58. 
N&J3* „ „ « 174*28. 


Potassium Pmlasulphide. 

Weight of 

substance Weight of 
Number of taken. alcohol. 

experiment. drain. drams. E. M.W. 

1 0*270! 20*00 0*000° 1.52*55\ ... ^ 

2 0*3478 31.41 0*080 101*04/ iVU),m ' ' 

K 4 H I0 requires M.W. 407*1. 

KA ' „ „ « 238*55, 

In tli© case of each polysulphide investigated, the mean observed, 
value for the molecular weight was found to be considerably lower 
than that required by even the simple formula R 2 $ kfi , and "there 
can therefore be little doubt that under these conditions the 
double formula is quite out of the question. 

The uniformly low results obtained require, however, some, 
further explanation. They may be accounted for in two ways. 
In the first place, alcoholysis of the solution may occur in accord¬ 
ance with the equation 

+ 2C 2 H f ;0'H = 2C 2 H r ;OR + H a S + 8, - 1 . 

The result of such a reaction would be to reduce the weigh,/ of 
alcohol .actually acting as solvent, whilst at the same time the 
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number of molecules in solution would be increased. Both these 
results would tend to lower the observed molecular weight. 

That alcoholysis does occur to some extent is certain, for in 
every determination the solution obtained was bright green. This 
phenomenon has been noted in an earlier paper (T., 1914, 105, 
188), and was there shown to he due to the separation of minute 
particles of sulphur formed by the decomposition of the poly- 
sulphide by alcohol. Since, however, the amounts of hydrogen 
sulphide given off from such solutions, even during prolonged boil¬ 
ing, were so small as to be .practically negligible, the alcoholysis 
cannot be very considerable. 

In the case of sodium tetrasulphide, if one supposes the above 
equation to represent the reaction and the sulphur produced to 
be insoluble, the substance would have to be alcoholysed to the 
extent of more than 45 per cent, in order that the molecular weight 
might have The observed value. Taking all the known facts con¬ 
cerning the poly sulphides of the alkali metals into consideration, 
this cannot be deemed probable. This opinion is strengthened by 
the behaviour of sodium tetrasulphide in aqueous solution. One 
would naturally expect this compound to he decomposed by water 
to a far greater extent than by alcohol, yet Kiister and Heberlein 
Qoc. cit .) have shown that in OTiY-solution at 25° the extent of 
the hydrolysis is only 11*8 per cent. 

On the other hand, the low values obtained by the ebullioscopic 
method for the molecular weights may be due to the ionisation of 
the polysulphides in alcoholic solution. Supposing this to be the 
case, and assuming that the alcoholysis is so slight as to be 
negligible, in order to account for the difference between the 
observed and the theoretical values the degree of ionisation must 
be of the order of 25 per cent. 

Turner ( Amer, Chem . 1908, 40, 588) has studied the ionisa¬ 

tion of alcoholic solutions of various halogen salts ,of the alkali 
metals, in particular of potassium iodide. He employed the con¬ 
ductivity method, and the results of his work lead to the con¬ 
clusion that a 0*lY-solution of this salt is ionised to the extent of 
35 per cent, at its boiling point. 

"Whilst, therefore, the evidence is insufficient to permit of a 
definite conclusion being drawn, the authors are of the opinion 
that, although alcoholysis may in some measure give rise to the 
observed abnormalities, its effect must be comparatively slight, and 
the main cause must be looked for in the direction of ionisation 
of the polysulphide solutions. With the view of gaining further 
information on this point, the conductivities of alcoholic solutions 
of the polysulphides will be investigated at a later date. 
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Sumtn,<try and (Joncl mion*. 

The systems, sodium numosnlphid<v sulphur and. potassium 
inonosulpliide-sulplmr, have been investigated by a thermo- 
analytical method, and in each, case the existence has been estab¬ 
lished of a complete series of compounds to which the general 
formula I;t 2 S, r may bo assigned, where x is a whole number having 
the maxim inn value 5 in the sodium series and G in the case of the 
potassium series. 

'No evidence whatever has been obtained of the existence of 
intermediate compounds', such as the cimeasulphido described by 
El ox.am, 

The thermal diagram for the potassium series closely resembles 
those obtained by Biltz and Wilke-Dbrfurt for rubidium and 
enesimm In the sodium series, however, the resemblance is much 
less striking. The sodium compounds differ in appearance and 
properties, the maximum combining power of the metal, is less, and 
strict parallelism can no longer be observed between, this series and. 
the potassium, rubidium, and caesium series as regards the com¬ 
parative stabilities of compounds of corresponding compositions. 
This is in accordance with the behaviour of the alkali metals in 
their compounds with other elements, notably with iodine. 

In connexion with the preparation of the materials necessary 
for the main, research, the rate at which sodium tetmsulphide and 
potassium pentasulphide lose sulphur when they are heated in a. 
steady stream of hydrogen at regularly increasing temperatures 
has been investigated. The results obtained lead to the conclusion 
that the disulphides in each, case are extremely stable compounds 
from which sulphur can only be removed with difficulty. 

The bearing of this on the constitution of the polysulphides is 
of some interest. This question has, been discussed by many 
authors, but the views put forward by Bpring and Bern art eau 
(Bull. Sac. aJdm., 1889, [in], 1, 11) and Krister and Heberlein 
(Zeitsch. anarg. (7hem., 1905, 43, 72) appear to be the most 
important. The first-mentioned authors point out that whilst 
towards inorganic substances the poly sulphides behave in accord¬ 
ance with the general formula their reactions with alkyl 

haloids ,are best explained by assuming that' they possess the 
formula in which the first two sulphur atoms in the mole¬ 

cule play,quite a different part from the remainder. Spring and 
Demarteali favour''the'latter formula, considering the higher poly¬ 
sulphides merely to be Solutions of sulphur in the disulphides. 

Krister ,anct Heberlein criticise this view on the ground that if 
it 'Were true, all-',polysulphides,, being essentially salts of hydrogen 
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disulphide, should be hydrolysed in solution to the same extent, 
for the hydrolysis could not be influenced by the mere physical 
solution of sulphur. They consider that the constitutions of the 
polysulphides and the poly iodides are analogous, and since it is 
generally recognised that the latter compounds are best repre¬ 
sented by the formula RI,!*, they conclude that, the constitution 
of the polysulphides is best expressed by the formula R 2l S,S x .. 

With the criticism of Kiister and Heberlein the present authors 
are in agreement. Nevertheless, their results certainly favour the 
view that in the polysulphide molecule two atoms of sulphur are 
in a different state of combination from the remainder. They 
suggest that the disulphides should be regarded as being derived 
from the form of hydrogen disulphide analogous to the tautomeric 
form of hydrogen peroxide. They would thus possess the formula 
R*S*S*R. .From this substance, the higher poly sulphides are 
obtained, not by solution of sulphur, but by further combination. 

It* 8IS 

Thus, the trisulphide would be represented by the formula [' > 
It* SbS 

the tetrasulphide by etc. 

Ivo.S 

In this way, the criticism of Kiister and Heberlein is obviated, 
whilst still retaining an explanation of the difference in behaviour 
of two sulphur atoms in the molecule from that of the remainder. 

Taken in conjunction with the work of Biltz and Wilke-Dorfurt, 
the results of the present investigation establish that the volatili¬ 
ties of the polysulphides of the alkali metals increase with rise in 
the atomic weight of the metal. This is in agreement with the 
well-known behaviour of the halogen salts of these metals. 

With the object of deciding between the simple formula 
and the doubled formula R 4 S ig , the molecular weights of several 
poly sulphides in alcoholic solution have been determined by the 
ebullioseopic method. Under these conditions, there can be no 
doubt that the simpler formula is the correct one. The results 
obtained were, however, very considerably lower than even the 
simple formulas require. The authors attribute this to the ionisa¬ 
tion of the solutions, and it is calculated that, assuming alcoholysis 
to be negligible, such ionisation takes place to the extent of about 
25 per cent. 

In conclusion, the authors wish to express their thanks to Mr. 
F. Hughes, who has rendered valuable assistance in the prepara¬ 
tion of some of the materials used in the work. 

In organic Laboratories, 

University 1 or Liverpool. [liecewed, September 7 th, 1917.] 
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XCV .—Studies vii Catalysis . Part 'VIIL 7 ci muh 

chemical Data and the Quantum Theory, High 
Temperature Reactions. 

By William Cudmor'e McCullagh Lewis. 

It was shown in 'Part VII. (this vol., p. 457) that, on the basis of 
the radiation theory, the heat of a reaction is connected with the 
critical frequencies of the reactants and resultants by the relation : 

where N is the number of molecules in 1 gram-molecule, h the 
Planck constant, and v the critical frequency of any given molecular 
species taking part in tlie reaction. It lias already been pointed out 
that this relation was first deduced by Haber (Ber. Devi, physlhd, 
(res., 1911, 13, 1117), who also attempted to verify it in three cases, 
namely, the formation of potassium chloride, potassium iodide, and 
sodium chloride, from their elements. 

In the present paper it is proposed to consider the experimental 
data available at the present time with the object of obtaining, if 
possible, a -wider experimental basis for the relationship. Incident¬ 
ally, it is necessary to reconsider Haber’s calculations. For our 
present purpose it is convenient to divide reactions into high tem¬ 
perature reactions and low temperature reactions respectively, indi¬ 
cating by the former that the chemical changes require quanta of 
great size, corresponding with the visible and ultra-violet regions of 
the spectrum, indicating by the latter that the reactions fire such 
that quanta belonging to the short infra-red region are sufficient to 
account for the critical increments involved. 


High Temperature Reactions. 

As examples of this class we are concerned mainly with the heats 
of formation of inorganic salts. To test the relation already given, 
it is necessary to know the critical frequency of each of the sub¬ 
stances participating in the reaction. In a large number of cases 
these frequencies have not yet been directly observed. Halier 
(loc. cit.) has suggested, however, a very simple relation, which, 
although semi-empirical, may be employed in this connexion. This 
relation, which will be referred to as the square-root rule, states 
that the characteristic infra-red frequency, v r , of a.substance, that is, 
the frequency of the residual ray which is capable of accounting 
approximately for the specific heat of the substance, is connected 
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with the characteristic frequency, v v , in the ultra-violet region in the 
following way; 



where m is the mass of an electron and M is the molecular weight of 
the substance. The ultra-violet frequency, v v , referred to is that 
which corresponds with the maximum of the selective photo-electric 
effect. Employing the atomic weight for M in the case of a number 
of elements, the alkali metals, Haber has shown that the calculated 
and observed frequencies agree satisfactorily. 

Haber has extended the application of the square-root rule to the 
calculation of the characteristic ultra-violet frequency of solid com¬ 
pounds (salts). Thus, in the case of rock salt, Rubens and Ascii- 
kinass have observed the characteristic infra-red band at 51*2 /jl. 
Taking M as 58*46, the normal molecular weight of sodium chloride, 
the ultra-violet wave-length thus calculated is 156*4 /x/x, which agrees 
extremely well with the value, 156*3 /x, obtained by Martens from 
dispersion measurements. In the case of potassium chloride, the 
infra-red band occurs at 61*1 p, whence, employing the normal 
molecular weight of the salt in the square-root rule, Haber finds that 
the ultra-violet wave-length is 165*3 /xp, whilst Martens obtained 
160*7 /x/x from the dispersion. The values quoted are those given by 
Haber. So far as these data go, they indicate the* general applica¬ 
bility of the* rule. Haber further points out that, in addition to the 
characteristic ultra-violet frequencies referred to in the above cases, 
the dispersion measurements indicate the existence of a still shorter 
wave-length. It is an interesting fact, although not bearing 
directly on the present problem, that these shorter wave-lengths may 
also be calculated with considerable accuracy by means of the 
square-root rule, provided we employ twice the molecular weight 
of the salt, for the quantity M, Thus, in the case of rock salt, the 
second ultra-violet absorption band is calculated to be 110*6 /x/x, 
whilst Martens’s value, obtained from dispersion data, is 110*7 /x/x. 
In the case of sylvine, Haber calculates, in a similar manner, that 
the shorter ultra-violet dispersional band should occur at 116*7 /x/x, 
whilst Martens has calculated the value 115*3 /x/x. 

As already mentioned, Haber has applied the square-root relation 
to elements such as the alkali metals and to iodine, in which M is 
taken to represent the atomic weight, with satisfactory results. In 
the case of iodine, M obviously represents one-half of the molecular 
weight of the substance in the dissolved or gaseous state. In general, 
therefore, the term M may refer to the normal molecular weight, or 
to one-half this quantity., That the relation is largely empirical is 
evidenced by this lack of precision as to the significance of M, 
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especially when we consider that tlie investigation of the solid slate 
by means of the X-ray spectrometer has led to a quite new concep¬ 
tion of the molecular weights of solids. 

It would appear that in the large majority of salts the term M 
denotes the usually accepted value for the molecular weight. It 
will be shown later, however, that one-half of the molecular weight 
appears to "be the correct quantity to' employ in the case of the 
thallium haloids 

The significance to be attached to M is not entirely arbitrary. The 
following considerations serve as a guide. If we restrict ourselves 
to the chlorides, bromides, and iodides of a given metal, we would 
expect on general grounds to find a certain sequence In the ultra¬ 
violet frequencies, such as is found in the far infra-red region, (com¬ 
pare Rubens and von Wartenberg, tfihuur/.iher, K, A had, 

Berlin, 1914, 169). That is, we would expect the bromide to occupy 
an intermediate position between the chloride and iodide. In the 
case of the thallium haloids, using the normal molecular weights, 
we obtain for the ultra-violet frequencies, 15*52 x 1() H for the 
chloride, 18*3 x 10 14 for the bromide, and 15*21 x IQ 14 for the iodide. 
Using the half-molecular weights, the corresponding values are; 
15*21 x 10 14 , 12*93 x 10 14 , and 10*76 xlO 14 . In the first case the 
sequence is broken, in the latter it remains. We conclude, there¬ 
fore, that the lather values are more nearly correct. It will be shown 
later that the conclusions, here tentatively drawn, are borne out 
from the point of view of the heat determinations. 

In Haber's consideration of the heats of formation of salts the 
process is regarded as involving the removal of electrons from 
certain atoms and. their addition to others. Halier visualises the 
process in the following way for the union of a halogen with an 
alkali medal. 

Let us imagine an electric space lattice containing halogen atoms 
and atoms of the metal which have not yet reacted with one another 
to give the solid salt. The, electric space lattice is supposed to 
possess properties which may be regarded as the mean of those 
exhibited 1 by solid halogen and solid metal separately. This mean 
or average state 1 is then characterised by the single ultra-violet fre¬ 
quency, (v ;l 4- vo) / 2, where v A is the frequency of the alkali metal by 
itself and v 2 is that of,the solid halogen. When transfer of the elec¬ 
tron has taken place, the nature of the space lattice is altered, the 
. frequency being now that of the alkali salt. Haber then proceeds to 
determine whether the work * term, hv, involved in the removal of 

* Haber regards the quantum as measuring the work of removing an 
electron. It would appear more justifiable to identify the quantum with the 
total energy change Involved in the transfer of the electron. 
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an electron from the alkali haloid salt space lattice, is equal to the 
heat of formation reckoned per gram-molecule, together with the 
work term ^(O’Siq + G'Svg). 

The first case considered by Haber is that of potassium iodide. 
The heat evolved by the union of the solid elements to produce the 
solid salt is 80,100 cals, per gram-molecule of the salt. Poll! and 
Pringsheim have observed the selective photo-electric effect of potass¬ 
ium, the frequency being v K = 0*685 x 10 15 . From measurements of 
the atomic heat of iodine, it follows that the characteristic iodine 
frequency in the infra-red is 2*0 x 10 12 . Employing the square-root 
rule, with i¥ = 127, Haber calculates the ultra-violet frequency of 
solid iodine to Be iq = 0*9646 x 10 15 . Hence, 
iY/fc(0‘5vj 4 - 0’5v K ) = 79,630 cals. 

The heat of union of K and 7=80,100 „ 

Hence, for the salt, Nhv KI = 159,730 ,, 

From tills result Haber calculates the ultra-violet frequency of the 
salt to be 1*654 x 10 15 . Applying the square-root rule, in the inverse 
manner, Haber calculates from this value the characteristic fre¬ 
quency of the salt in the far infra-red region. The result, expressed 
in wave-length, is 100 \i. The value observed by Rubens (loc. cit 
1914) is 94*1 /x. The agreement is fairly good. 

Haber next considers the formation of sodium chloride. The heat 
of reaction between solid chloride and sodium is taken to be 94,600 
cals. The ultra-violet frequency of rock salt, obtained from disper¬ 
sion measurements, is 1*918 x 10 15 or A v = 156*4 jtx juu This corresponds 
with the value 185,200 cals, for Nhv SaClJ the radiant energy re¬ 
quired to activate one gram-molecule of the salt. Subtracting the 
heat of formation from this quantity, we find the value of (0’5v cl + 
tySvjjfc), namely, 0*9382 x 10 15 , for half the sum of the frequencies of 
sodium and chlorine. On doubling this value and subtracting from 
it the ultra-violet frequency of sodium, which Pohl and Pringsheim 
Jiave found by experiment to be v Xa =0*947 x 10 15 ,* we obtain the 
value Vo, = 0*9294 x 10 15 for the ultra-violet frequency of solid 
chlorine. Haber uses this to calculate the density of solid chlorine, 
employing a relation of Lindemann, and finds a number of the 
order which would be anticipated. This, however, is not a rigid 
test. Haber, therefore, considers the two following reactions simul¬ 
taneously : K+ Cl=KOI and Ha + Cl=HaCl. , On subtracting the 
| second equation from the first, we obtain: 
f ' ^ K + Had = KOI 4 - Na. ' 

p * The above value is that quoted by Haber., The corresponding wave¬ 
length is 317 ju ( u. Becent measurements by Pohl and Pringsheim, however, 
give the value 340 aa for the maximum of the selective photo-electric effect of 
sodium (compare Hughes; 44 Photo-electricity, 1 * p, 84). 
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The corresponding energy expressions are: 

Nh[v KVl ~0-5(v K + v u )]~Q Ka . 

Nh^v^ci *~ 0*o(^jjf a 4- nn)] ** • 

which give on subtraction 

Nil (I'aCl ~ ^Nn< 'I + 0'5r N t ) = Vlv(’l VviiCl* 

If we now write v K = 0*685 x 10 lr \ v^ JlCn ~ 1*918 x 10 15 , v VH =0*941 * 
10 15 , we can calculate the ultra-violet frequency of sylvino. The 
value thus obtained is 1*8683 x 10 15 or A,, = 160*5]iqa, which is in 
excellent agreement with the value calculated “by Martens from .dis¬ 
persion measurements, namely, 160*7 /*/*. ^ 

Reviewing Haber’s treatment of the problem, it is evident tljhat 
considerable doubt exists as regards the mechanism whereby hf,vA N> 
the sum of the frequencies of the halogen and metal is introduetny 
although it is evident that the results obtained by this means at u; 
in good agreement with the observed values. On the basis of tin, 
expression for the heat of a reaction, quoted at the beginning of 
this paper, we should have expected the sum of these two quanti¬ 
ties, not half the sum, Haber’s concept of the mechanism of 
union of the halogen atom with the atom of the alkali metal seems 
to involve a rather artificial mean stage, which is itself regarded 
as the starting point of the process. 

An alternative view might be taken of the mechanism, and this 
view has the advantage that it does not restrict us to the solid 
state only. If we suppose that the ultra-violet quantum, corre¬ 
sponding with the selective photo-electric effect, breaks the bond 
between two adjacent atoms, that is, activates two atoms in a 
chemical sense, then one quantum characteristic of sodium plus 
one quantum characteristic of chlorine serves to bring about the 
following reaction: 2Na-l- 2Cl--2NaOL Hence the heat of forma¬ 
tion, 20, reckoned for two gram-molecules of the salt, would be 
given by 

[2Nh V!tlk0l -(Nh v ^+ V(Ji )l 

or the heat of formation of one gram-molecule is given by 
f Nhv Hsti c - 0 * QNh(v^ +v c ) ], 

which is simply Haber’s expression, without any assumption being 
made as to a mean stage. 


^ Dissociation of the Halogens. 

The dissociation of chlorine, bromine, and iodine may be coin 
ildeted before \he question of the formation of salts, as the data 
ar% required fo^Jater calculations. 
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It will be observed that the relation 

Q — NJl(^V reii uitanti -^Lfactiuits ) 

is identical with 

where 77 stands for the critical increment as defined in previous 
papers. 

In the case of gaseous iodine and bromine, Evans (Astrofhy*. 
J. y 1910, 32, I, 291) has found that, on raising the temperature, 
the bands in the visible region finally disappear, the lowest 
observed temperature of disappearance being 950°. The tempera- 
ture of disappearance of colour is a function of the pressure of the 
gas, the greater the pressure the higher being the temperature of 
disappearance. In view of this behaviour, Evans- has concluded 
that the disappearance of colour is due to dissociation into atoms, 
which evidently do not absorb in the visible region. The atoms 
must absorb either in the ultra-violet or the infra-red region. 

The heat of dissociation of the halogens is negative, heat- being 
absorbed in the process. In order that Q may be negative, the 
critical increment of the reactant (molecular form) must be greater 
than the increment of the resultant (atomic form). Hence, on 
taking Evans’s results into account, and applying the radiation 
expression, we conclude that the critical increments of the atoms 
correspond with quanta in the infra-red region, Further, the 
heats of dissociation represent quantities of energy considerably 
greater than those obtainable from the infra-red region. It is 
obvious that, in the case of gaseous dissociation, the critical incre¬ 
ment of the reactant must exceed the observed heat of dissocia¬ 
tion. If, however*, the critical increments of the resultants are 
small, as in the present case, the heat of dissociation cannot be 
very different from the critical increments of the corresponding 
nndissoeiated molecules. 

The observed heats of dissociation per gram-molecule at a fairly 
high temperature, that is, at a temperature at which the dissocia¬ 
tion becomes measurable, are in round numbers as follow: 
chlorine, -113,000 cals, (compare Pollitzer, Ahrens '* Samraltmg,” 
1912, 17, 434); bromine, —50,000 cals. (Bo den stein and Cramer, 
Zeitnch. Elektrochem 1916, 22, 327); iodine, -36,860 cals. 

; (Bodenstein and Starck, ibid., 1910, 16, 961). 

The Values in the case of bromine and iodine are known with 
considerable exactness; that for chlorine is a rough approximation 
only. From ' A".consideration of ; the temperature range at which 
these,gases- dissociate sensibly, it is evident that.,we 1 ' dealing; 
with high temperature, reactions, that is, reactions which require 
larger’ quanta than those which correspond 1 :with the'/^'shortvinfra- 
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red region. Part her, iodine dissociates more easily than bromine 
and bromine more easily than chlorine. We wo?Id expect, there 
fore, that the critical energy, and hence the size of the correspond 
ing quantum, would increase in the order: iodine, bromine, 
chlorine. This sequence is also exhibited by the values of the 
respective heats of dissociation. 

To ©how that radiation in the visible region is capable of sup¬ 
plying quanta of the necessary size, we may proceed in the follow¬ 
ing approximate manner. As indicated by its violet colour, iodine 
absorbs largely in the reel end of the visible spectrum. Assuming 
that the characteristic wave-length is of the order 700 pp, ii follows 
that the critical increment per grain-molecule is 41,000 cals, in 
round ntimbers. This is slightly greater than the observed heat 
of dissociation. It is therefore a possible value. Similarly, if we 
take the wave-length 500 pp to be characteristic of bromine, this 
wave-length corresponding with absorption in the green region, we 
find the critical increment per gram-molecule to be 57,000 cals, 
This quantity is somewhat greater than the observed heat of dis¬ 
sociation of bromine. Owing to the very extensive absorption of 
both iodine and bromine throughout the visible region, it is 
impossible at the present time to ascribe the critical increment to 
any particular band. The investigations of ITasselberg and of 
Konen (compare Konen, Ann. Plu/s. (them., 1898, [iii], 65, 257) 
show that iodine possesses numerous bands in the visible region, 
The same is probably true of bromine, although a recent investiga¬ 
tion by Peskov (J. Physical Glum., 1917, 21, 382) indicates a 
broad maximum at 43 6 pp, with considerable absorption down to 
600 pp. In the case of chlorine, a well-defined band has been 
measured by Brannigan and Macbeth (T., 3916, 109, 1277) in the 
near ultra-violet occurring at A. 327pp. Peskov (lor. rtf.) places 
the maximum at 331 pp, Taking Brannigan and Macbeth’s value, 
it is found that the critical increment of chlorine is 86,750 cals, 
per gram-molecule. This is considerably less than the value quoted 
lor the heat of dissociation, but it is to be remembered that the 
latter is a rough approximation, and the quantity 86,750 is 
theoretically an upper limit for the heat effect. We require the 
critical increments of the halogens, in the gaseous state in dealing 
subsequently with the formation of salts* For this purpose, we 
shall employ the following average values; chlorine, 86,750 cals, 
per gram-molecule; bromine, 57,000 cals.; and iodine, 41,000 cals. 

It may be mentioned that the process of dissociation of chlorine, 
bromine, and iodine is one which requires larger quanta than are 
required for the decomposition of the corresponding halogen by dr- 
acids. The only exact measurements available in this connexion 
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refer to hydrogen iodide ; for which the critical increment per 
gram-molecule is 20,000 cals., a quantity which corresponds with 
the short infra-red region. 

II e a t o f F o r m a t i on of S a 11 & 

Potassi um Chloride. 

The characteristic ultra-violet frequency of this salt, as obtained 
from dispersion measurements, is 18*6 x 1Q U , or A y = 160*3 /quu 
The value of the critical increment Nhv K0 is therefor© 175,960 
cals, per grain-molecule. As regards the critical increment of 
potassium, the maximum of the selective photo-electric effect occurs 
at A = 440/qx, whence the increment is 64,517 cals. This amount 
of energy, on the view already suggested, represents the amount 
required to activate two adjacent atoms of potassium. The 
stoicheiometric equation requires one-half of this quantity. 
Similarly, the critical increment of one gram-molecule of chlorine 
or two gram-atoms of chlorine is 86,750 cals. The total critical 
increment of one gram-atom of each reactant is (64,517 + 86,750)/2, 
or 75,634 cals. Applying the equation 

it follows that $ = 175,960 ~ 75,634 = +100,330 cals, in round 
numbers, whilst Q, observed (Thomsen) = +105,600 cals.. Hack- 
spill (“Tables Annuelles,” 3, p, 588) gives the value 99,650 cals, 
for the heat of formation. The agreement between observed and 
calculated values is moderately good. It may be mentioned that 
if the square-root rule had been employed, with if = 74*5, in the 
case of the salt and the infra-red frequency as determined by 
Rubens, the critical increment per gram-molecule would have been 
164,000 cals,, which is somewhat lower than that obtained from 
dispersion measurements. As regards the observed heats of forma-, 
tion of salts, it may be pointed out that the values given are in 
general obtained indirectly, so that the result is liable to a certain 
amount of error. 

Potassium Bromide. 

The characteristic infra-red band, as observed by Rubens (com¬ 
pare Rubens; and von Wartenberg, Sitznngsber . E. Aknd.'WuE^ 
Berlin , 1914, 169), occurs at A = 82‘6p. Measurements of the 
molecular heat of the salt require the wave-length 82*4 /x (Nernst, 
Ann, Phifsiky 1911, [iv], 36, 395)' in the "Hernst-£ipdemann : ' 
formula, that is, v r =0*036 x 10 u b Using the square-root rule and 
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the normal molecular weight of the salt, the ultra-violet frequency 
v y —16*67 x 10 14 , or A r = l80 /qx. Hence the critical increment, 
Nhv KBri per gram-molecule is 157,700 cals. As before, the energy 
required for two gram-atoms of potassium is 64,517 cals. For 
bromine, the critical increment for two- gram-atoms is 57,000 cals. 
Hence for the formation of one gram-molecule of the salt, the total 
critical increment of the reactants is (64,517 + 57,000)/2 = 60,758 
cals. Hence 

Q = 157,700 - 60,758 = + 96,940 cals. 

The observed heat of reaction between liquid bromine and solid 
potassium is 4-95,310 cals. The calculated value refers to gaseous 
bromine, so that it is necessary to add the heat of vaporisation of 
bromine, namely, 3500 cals., to the observed value, thereby obtain¬ 
ing the quantity 98,810 cals. The agreement between calculated 
and observed values is moderately good. 

Sodium Chloride . 

The observed infra-red band of the salt occurs at 52p. The 
value 51 /x is required to account for the molecular heat (compare 
Nernst, lor. cit .). The infra-red frequency is therefore 
0*0577 x 10 14 . Using the square-root rule and the normal mole¬ 
cular weight of the salt, the ultra-violet frequency v v = 19*27 x IQ 34 , 
or A r = 155/qx, which agrees excellently with the value calculated 
from dispersion measurements. It follows that the critical incre¬ 
ment, Nhv^c i, per gram-molecule of the salt is 182,290 cals. The 
critical increment of two atoms of sodium is obtained from the 
position of the selective photo-electric effect which occurs at 
A = 340 py, or v Xa =8*8 x 10 14 , the value of the increment being 
83,250 cals. Hence the total critical increment of one gram-atom 
of sodium and one gram-atom of chlorine is (83,250 + 86,750)/2, or 
85,000 cals. Hence, 

; Q = 182,290 -85,000 = 97,290 cals. 

.f':’ 1 '..■ ■; ' (observed). . —97,800 „ 

The agreement is good. 

Potassium Iodide „ 

It has already been pointed out that Haber demonstrated the 
‘walidity, of-theyh^ invconnexion with this substance. 

Haber considers the reaction as taking place between the elements 
in the solid state. For iodine, he makes use, therefore, of the 
square-root .rule to calculate the characteristic ultra-violet Ire- 



1095 


lewis: studies m catalysis, part vnr. 

quency. On the other hand, considering the reaction between 
gaseous iodine and solid potassium, and employing therefore the 
value 41,000 cals, for the critical increment of two gram-atoms of 
iodine vapour, the agreement between the observed and the calcu¬ 
lated heat effect is far from satisfactory. "We are dependent, of 
course, upon the correctness of the infra-red characteristic fre¬ 
quency of the salt, which has been observed to occur at 
iv =0*0319 x 10 34 . Using the square-root rule and the normal 
molecular weight' of the salt, we obtain for the ultra-violet fre¬ 
quency the value 17*45 x 10 14 , or A,,, = 172 p/x, whence Nhv Kl « 
165,077 cals. Employing the values already given for the critical 
increments of solid potassium and iodine vapour, the calculated 
heat effect is 112,320 cals., whilst the observed is 83,100 cals. The 
discrepancy is very great. If we employ • one-half of the normal 
molecular weight of the salt in the square-root rule, we obtain, 
finally, the value 63,680 cals, for the calculated heat of the reac¬ 
tion. This is, now, considerably less than the observed value. 
There does not appear to be any justification, however, for this 
mode of calculation in view of the results obtained in the case of 
the other alkali haloids, in which the normal molecular weight of 
the salt is employed. The agreement obtained by Haber rests on 
the fact that in the case of iodine he applied the square-root rule 
to the infra-red frequency given by Lindemann’s melting-point 
formula. The resulting value for the critical increment for solid 
iodine is 91,300 cals. The value which we have taken for gaseous 
iodine is widely different, namely, 41,000 cals. 

It may be pointed out, however, that the value A y = 172/qn for 
the ultra-violet wave-length of the salt—a quantity which is 
employed by Haber and by the author—is almost certainly in¬ 
correct, as it involves a breaking down in the expected sequence 
of the chloride, bromide, and iodide. Thus, since A kCj =160*7 pp. 
and A KBr = 180p/i, we should expect A KI to lie somewhere in the 
region of 200 /ip. If we take the observed value for the heat of 
formation, together with the critical increments of solid potassium 
and gaseous iodine already employed, we can calculate the critical 
increment of the salt. The value thus obtained is 135,860 cals, 
per gram-molecule. It follows from this that the ultra-violet fre¬ 
quency of the salt is 14*4 x 10 14 , or A KI = 208 /x/jl This value 
occupies, roughly, the expected position with respect to potassium 
chloride and potassium bromide, but at the present time there is 
no means of further testing its accuracy. Taking this value to be 
correct, and applying the square-root rule in the inverse sense, we 
find that the characteristic infra-red wave-length is 115 p. 
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Silver Chloride. 

Tlie observed infra-red band of the salt occurs at A = 81*5 /ju 
H ence v r = 0*0368 x IQ 14 . Using the square-root rule and the 
normal molecular weight of the salt, we obtain for the ultra-violet 
frequency 1^ = 18*66 x 10 14 , or A t <==160 p/n That is, Nhv AgC i 
166,520 cals. For silver, the infra-red frequency given by Biltz 
(Zeitsch. Elektrochem 1911, 17, 676), on the basis of the Linde- 
mann melting-point formula, is v r = 0*0436 x 10 14 (compare also 
Lindemann, Ber. Deut. 2 J hysihal. Ges 1911, 13, 1114). Using 
the square-root rule with M = 108, we obtain for the ultra-violet 
frequency = 19*23 x IQ 14 , or A v = 156/x/a. The corresponding 
value of Nhv Ali is 182,016 cals, for the activation of two gram- 
atoms. Hence the total critical increment of one gram-atom of 
each of the reactants is (182,016 +86,750)/2, or 134,383 cals. 
Hence 0 = 166,520-1.34,383 = 32,140 cals., whilst Q , observed 
(Fischer, Zeitsch. Elehtrochem ,, 1912, 18 , 283) =29,940 cals. The 
agreement is moderate. - 

Silver Bromide. 

The observed infra-red band of the salt occurs at 127 p, or 
v r = 0*0266 x 10 14 . Proceeding as in the previous case, the ultra¬ 
violet frequency is 15*48 x IQ 14 , or A v =194jqu. Hence Nhv As ^ e - 
146,440 cals. From the data already given, it follows that the 
critical increment of the reactants per gram-atom of each is 
(182,016 + 57,000)/2 = 119,508 cals. Hence the heat of formation 
(> = 146,440 —119,508 = 26,930 cals, in round numbers. The 
observed heat of formation for liquid bromine and solid silver is 
22,700 cals. Hence for the reaction involving gaseous bromine 
the observed heat is 26,200 cals., which is in good agreement with 
the calculated value. In all cases, the calculated heat effect is a 
relatively small difference between two large quantities. It is not 
to be expected, in general, that the result can be an accurate one. 

Silver Iodide. 

The characteristic infra-red band of this salt has not yet been 
measured. It is possible, however, to obtain a moderately exact 
value by comparing the observed values of the three thallium 
haloids with the two silver haloids, all of which have been measured 
by Rubens. These are as follows: T1C1, 91*6 p; TIBr, 117*0/r; 
Til, 151*8 jx. For the silver haloids: AgCl, 81*5 y; AgBr, 
112*7 y. On: plotting these figures, the lines run approxim- 
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ately parallel, and an extrapolation indicates X = 145 p,' for 
silver iodide. This value is probably correct to ±5 per cent. 
The infra-red frequency is therefore 0*0207 x 10 14 . Using the 
square-root rule and the normal molecular weight of the salt, the 
ultra-violet frequency is 13*46 x 10 14 , or X v ~223 /x/x. Hence 
Nhv AK i =127,332 cals. Employing the values already obtained 
for silver and gaseous iodine, the total critical increment of the 
reactants per gram-atom is (182,016■+41,000)/2 = 111,508 cals. 
Hence the heat formation Q = 127,332— 111,508= + 15,820 cals, 
in round numbers. The heat of formation of the salt from the 
elements in the solid state has been accurately measured by Fischer 
(loc: cit,), the value being +15,100 cals. Taking the heat of sub¬ 
limation of iodine to be 3000 cals, per gram-atom, the observed 
heat of the reaction involving gaseous iodine is 18,100 cals., which 
agrees approximately with that calculated on the radiation theory. 

It will be observed that in the above calculation we have made 
use of the value 41,000 cals, for the gram-molecular increment of 
gaseous iodine. Had we employed the value 91,300 cals, obtained 
from the infra-red band by means of the square-root rule (which 
Haber has employed in the case of potassium iodide), the heat of 
the reaction between the solid elements calculated on this basis 
would have been a negative quantity, namely, —9300 cals., in place 
of the observed positive quantity, -f 15,100 cals. This further 
emphasises the difficulty met with in the formation of potassium 
iodide. The result serves to throw still further doubt on the value 
172 ftp as being the ultra-violet wave-length of potassium iodide. 

; Thallium Haloids . 

Thallium Chloride .—Direct measurement of the infra-red band 
of the salt gives the value A = 91*6/x, or v.,. = 0*0327 x 10 14 . Using 
the square-root rule and the normal molecular weight, the value 
obtained for the ultra-violet frequency is 15*52 x 10 14 , or 
A v = 193 |a/x. Hence Nhv mi =146,820 cals. For thallium metal, 
Bilte (loc. dt.), gives the value v r =0*0184 x 10 14 . Using the 
square-root rule, the ultra-violet frequency v*, = 11*15 x 10 14 , or 
A v = 269 /jt/x. The value of Nhv> n for two gram-atoms of the metal 
is therefore 105,480 cals. Hence the critical increment of the 
reactants, per gram-atom, is (105,480 + 86,750)/2 = 96,115 cals., and 
the heat of formation § = 146,820-96,115 = 50,700 cals, in round 
numbers. The observed heat of formation is 48,600 cals. The 
agreement is satisfactory. * ■ "v V 

Thallium Bromide. —The infra-red hand occurs at A = 117/x, or 
v r =0*0256 x 10 14 . Using the square-root rule and the normal 

X X* 
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molecular weight, we obtain for v v the value 18*3 x 10 14 , or 
A* = 164./i/*. Hence Nhv Bv =173,120 cals. The critical increment 
of thallium and of bromine have already been given. The total 
critical increment of the reactants is (105,480 + 57,000)/2, or 82,240 
cals. Hence Q = 173,120-82,240 = 90,880 cals. The observed heat 
effect for the reaction involving liquid bromine is 41,300 cals., and 
therefore for gaseous bromine 44,800 cals. The discrepancy is 
very great. 

Thallium Iodide .—The infra-red band occurs at 151*8p, or 
i/^ = 0*0197 x 10 u . Using the square-root rule and the normal mole¬ 
cular weight of the salt, we obtain v. y = 15*21 x 10 14 , or A w = 197 /x/x. 
Hence Nhv m =143,890 cals. The critical increment of the 
reactants is (105,480 + 41,000)/2 = 73,240 cals. Hence<3 = 143,890- 
73,240 = 70,650 cals., whilst Q, observed, is 30,200 cals. As this 
refers to solid iodine, the observed value for the reaction involving 
gaseous iodine is 33,200 cals. The discrepancy is even greater than 
in the case of the bromide. 

It has already been pointed out, however, that the values 
obtained for the ultra-violet frequencies of the thallium Haloids 
suggests that the square-root rule should be employed in conjunc¬ 
tion with half the molecular weight of the salt, in order to give 
the correct sequence in the ultra-violet frequencies of the three 
salts. Carrying out the calculation, we obtain the following 
results: 

Thallium Chloride. —v flCl =15*21 x 10 14 , or A„ = 197 /x/z. Hence 
Nhv for the salt is 143,890 cals., and therefore <3=47,780 cals., 
whilst the observed value is 48,600 cals. 

Thallium Bromide .—v mv = 12*93 x 1G 14 , or A r = 232 /qx. Hence 
Nhv for the salt is 122,320 cals., and therefore <3 = 40,080 cals., 
whilst Q, observed, is 44,800 cals. 

Thallium Iodide. — v m = 10*76 xlO 14 , or A,. = 278/xp. Hence 
Nhv— 101,790 cals., and therefore <3 = 28,550 cals. The observed 
value is 33,200 cals. All three thallium haloids exhibit satisfac¬ 
tory agreement between the observed and calculated heats of 
formation, on the assumption that one-half of the molecular weight 
should be employed in conjunction with the square-root rule. This 
is scarcely likely to be accidental, although no reason for the choice 
nan as yet be given. 

Lead Chloride . 

The characteristic infra-red band of lead chloride has been 
observed by Rubens at A r =91*0/x, that is, =0*033 x 10 14 . Using 
the normal molecular weight, we obtain for the ultra-violet fre¬ 
quency v* = 23*33 x IQ 14 , whence the critical increment per 
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molecule is 220,700 cals. The infra-reel frequency for metallic lead 
is 0*0195 x 10 14 (Nernsfc, loc. cit .), whence the ultra-violet frequency 
is 11*9 x 10 14 , or A*, —252 /xp; whence the critical increment of two 
gram-atoms is 112,574 cals, and the increment per grain-atom is 
56,290 cals. The critical increment per gram-molecule (Cl 2 ) is 
86,750 cals. Hence the heat of formation of one gram-molecule of 
lead chloride is 220,700 - (56,290 + 86,750) - 77,660 cals. The 
observed heat of formation (involving gaseous chlorine) is +85,570 
cals, according to Braune and Koref (Zeitsch. fflektrochem 1912, 
IB, 818), and 85,380 cals, according to Gunther (ibid., 1917, 23, 
197). The agreement is only approximate, the discrepancy being 
due probably to error in the value taken for the critical increment 
of the salt. Assuming the observed value of Braune and 
Koref, we can calculate a *' corrected ’ value for the critical incre¬ 
ment of the salt, namely, 228,610 cals. By applying the square- 
root rule, we find the infra-red frequency to be 0*034 x 10 14 , or 
A>. =89*2 /x, which is not greatly different from that observed by 
Rubens (91*0 /x). This illustrates how sensitive the final value for 
the- heat effect is to error in the infra-red frequency. 

Mercuric Chloride. 

The infra-red band of the salt occurs at 95 /x. Employing the 
normal molecular weight, the ultra-violet frequency is found to 
be 22*06 x 10 14 , or A y = 136 p/x. The critical increment is therefore 
208,690 cals, per gram-molecule. The corresponding quantity lor 
one gram-molecule of chlorine is 86,750 cals. Lindemann (loc. cit.) 
finds the infra-red frequency of mercury to be 0*022 x 1Q U , whence 
the ultra-violet frequency is 13*2 x 10 H , or A l ,--227 pp. Hence the 
critical increment of mercury is 124,872 cals, for two gram-atoms, 
or 62,436 cals, per gram-atom. The heat of formation per gram- 
molecule of mercuric chloride is therefore 

208,690 — (86,750 q 62,436) ^ 59,504 cals. 

The observed heat of the reaction between liquid mercury and 
gaseous chlorine is 53,300 cals. Lin deman its value for the infra¬ 
red frequency refers to solid mercury. On correcting for the latent 
heat of fusion, the calculated heat of the reaction is 59,000 cats. 

Mercarom Chloride. 

' Let us'assume,; in the first place, that the molecule of the salt is 
represented by HgCI. The observed infra-red band is 98*8 /x, or" 
0*0304 x 1() 14 . Using the normal molecular weight,/we'find 
y y,; =1/9*76 x 10« or Ay — 152/x/x, whence the increment is ,186,930' 

1 1 ' X X* 2 ' ^ 
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cals, per gram-molecule. The critical increment per grain-atom of 
mercury we have already taken to be 62,436 cals., the correspond¬ 
ing quantity per gra m-atom of chlorine being 43,375 cals. Hence 
the heat of formation of the salt is 186,930 — (43,375 + 62,436) = 
81,120 cals. The observed heat of formation (Nernst, Zeitseh . 
physikal. Ghem 1888, 2, 23) is 31,300 cals. The discrepancy is 
very great. 

Let us now assume that the salt is represented by the formula 
Hg 2 Cl 2 . Using the square-root rule with this molecular weight, we 
find v v = 27*97 x 10 14 , or A v =X07pi/x. Hence the increment is 
264,600 cals. The reaction is now represented by 2Hg + Cl 2 = 
IXgoCk hence the critical increment of the reactants is double the 
value given above. The heat of formation is thus calculated to 
be 264,600 —211,620 = 53,000 cals, in round numbers. As the 
observed heat of reaction refers to one-half the quantities here con¬ 
sidered, it is necessary to calculate the heat effect per gram-atom of 
mercury, namely, 26,500 cals. This is in much better agreement 
with the observed value than the result obtained by the previous 
method. It appears, therefore, that the correct formula is Hg 2 Cl 2 , 
and not HgCl, a conclusion which is borne out by measurements on 
the salt in the dissolved state. Employing the observed value for 
the heat effect, we can calculate a corrected 7 value for the increment 
of the salt, namely, 274,000 cals, in round numbers. Thence* 
calculating backwards, we obtain the value v r =0*0302 x 10 14 , or 
A,. = 101 pi, for the salt, which is not very different from the observed 
value (98*8 /a). 

The Reaction: Pb+2AgCl=PbCl 2 +2Ag. 

The heat of this reaction per gram-atom of lead is, according to 
Magnus (ZeiUeh. Mektrocheni 1910, 16, 273), 24,590 cals. As we 
have already obtained the critical increments for the substances 
participating in this reaction, it should be possible to calculate the 
■heat effect. Thus: ■ 


Increment for two gram-molecules of AgC-i... =2 x ,166,520 cals. 

„ Sf one gram-atom of lead ......... , ; ,» ' 56,290 


Hence, total critical increment of re¬ 
actants ..■.... ' « 389,330 cals. 

Increment for one gram-molecule of PbCl s ... = 228,610 

„ „ two gram-atoms of silver .1... = 182,016 


Hence, total critical' increment of .re¬ 
sultants ...... = 410,626 cals. 


Hence § =410,626 —389,330= +21,300 cals, in round numbers. 
'This is of' the correct 'order of magnitude, and the result is satisfac- 
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tory in view of the fact that we are dealing with a small difference 
between two- very large quantities. 

The Reaction: Pb+Hg 2 Cl 2 =PbCL + 2Hg. 

Proceeding as in the previous case, we obtain: 


Increment for one gram-atom of lead . — 56,290 

„ ,, gram-molecule of HgXL... =274,000 

Hence, total critical increment of re- - 

actants ... =330,290 cals. 

Increment for one gram-molecule of PbOI 2 ... =228,610 

„ „ two gram-atoms of mercury ... =124,870 

Hence, total critical increment of re- - 

sultants ..... =353,480 cals. 


Hence, Q = 353,480 -330,290 = 23,190 cals. 

The value observed is 21,800 cals, approximately, Glinther (lac, 
cit.). The agreement is satisfactory, especially as the critical incre¬ 
ments are very large. 

Silver Cyanide. 

The heat of formation of this salt from silver and gaseous cyano¬ 
gen, as determined by Thomsen, is 1393 cals, per gram-molecule. 
This quantity is .so small that it would be impossible to calculate it 
with any degree of precision by the method employed in previous 
cases. In addition, the question of the critical frequency of cyano¬ 
gen is in an involved state (compare Grotrian and Runge, Physikal. 
Zeitsch 1914, 15, 545). We may use the available data to calcu¬ 
late the critical frequency of cyanogen. 

Rubens and von Wartenberg ( loc . cit.) have observed the infra-red 
band of silver cyanide at A,. = 93 p approximately. That is, v,.= 
0*0323 x 10 H , and employing the square-root rule in conjunction 
with the normal molecular weight of the salt, as we have done in the 
case of the silver haloids, we obtain 15*86 x 10 14 for the ultra-violet 
frequency, and A* = 189 /qx, Hence the critical increment per gram- 
molecule is 150,000 cals. The stoicheiometric equation considered 
■ is Ag + CN = AgCN. We have already seen that the increment of 
oho gram-atom of silver is 91,010 cals. The heat of formation being 
1393 cals., the total critical increment of the reactants is (150,000 — 
1393) cals. On subtracting the value for one gram-atom of silver, 
we find that the critical increment of the cyanogen group is 57,600 
cals., or for one gram-molecule of cyanogen the value is 115,200 cals. 
Hence the frequency is 12*2 x IQ 34 or A* = 246/x/n The author is 
unaware whether', any measurements have been carried out'with'' 
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cyanogen in this region of the spectrum. In the process considered, 
the energy term, 115,200 cals., is that required to break the link 
between the two carbon atoms in the molecule (CN)*>, thereby 
giving rise to two nascent groups of monocyanogen. This is quite 
distinct from the mechanism involved in the dissociation of gaseous 
cyanogen into carbon and nitrogen, in which the carbon-nitrogen 
linking is broken. This would probably require a very different 
amount of energy. 

Summary. 

1. In spite of the fact that many of the available data are inac¬ 
curate and incomplete, the foregoing consideration of high-tempera- 
ture reactions indicates that the radiation expression is borne out 
in a fairly satisfactory manner. 

2. The following table contains the observed and calculated 
values of the heat effects in those cases in which the necessary data 
are available to permit of the complete calculation being carried 
out. Eor the reactions considered the heat effect is in all cases 
positive, that is, heat is evolved. 

Heat effect per gram-atom of 
first reactant. 


Reaction. 

r*"\ - ll lJ 1 

Q observed. 

Q calculated. 

K-I-CL — KOI . 

\ 105,600 1 
i 99,650] 

100,330 

K + Br — KBr. 

98,810 

96,940 

Na-f Cl —* NaCl . 

97,800 

97,290 

K+I — KI . 

83,100 

112,320 r 

Ag-fCl — AgCl ... 

29,940 

32,140 

Ag-f-Br —v AgBr... 

26,200 

26,930 

Ag+I — Agl .. 

18,100 

15,820 

TI-J-C1 — T1C1.. 

48,600 

47,780 

Tl + Br — TIBr ..... 

44,800 

40,080' 

Ti-pi — Tii.;.:... 

33,200 

28,550 

Pb-fCL, — FbCL. 

85,670 

77,660 

Hg-fct — Hgci;...... 

53,900 

59,000 

Hg+cr— §Hg 2 Ci 2 .... 

31,300 

26,500 

Pb + 2AgCi — PbC3 a +2Ag. 

24,590 

21,300 

Pb-f Hg 3 Cl 3 — PbCl 2 -j-2Hg . 

’21,800 

23,190 ■ : 


In a subsequent paper it is proposed to consider the data avail¬ 
able in connexion with reactions which proceed at a sensible velocity 
at the ordinary temperature, that is, reactions which require quanta 
belonging to the short infra-red region to supply the energy neces¬ 
sary for the critical increments. 

Mtjspbatt Labobatoby of Physical and 

Electro-chemistry, ' 

University of Liverpool. [Received, October %th, 1917.} 
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The Relation Ret/ween Chemical Constitution and 
Physiological Action . 

A Lecture delivered before the Chemical Society on December 6th, 

1917. 

By Frank Lee Lyman. 

The study of the relation between chemical constitution and 
physiological action is a branch of research which has a definite 
place in the investigation of medicinal substances. Chemical 
research on a drug begins with the attempt to isolate the prin¬ 
ciple to which its physiological action is due, and when this has 
proved successful the next step is the determination of the con¬ 
stitution of the active principle by analytic and synthetic methods. 
The knowledge is thus gained that some compound of known 
chemical structure has a particular physiological effect, and the 
way is then clear for the study of the relation between chemical 
constitution and physiological action by the preparation of a 
number of substances related to the parent compound and com¬ 
parison of their actions on the living organism. The history of 
quinine affords an illustration of this sequence. Cinchona hark 
was employed as a remedy for malarial fevers in the fifteenth 
century. Later on, the alkaloid quinine was isolated, and recog¬ 
nised as the chief active principle of the drug. Chemical investi¬ 
gation eventually established the structure of the alkaloid, and 
attempts have since been made to improve, or vary, its medicinal 
properties by slight alterations of the molecular structure, such 
as reduction of the vinyl group and replacement of the methoxyl 
by higher alkyloxyl groups. Moreover, a number of compounds 
with the following general formula have been synthesised, which, 

TY % \ ck 

c 

r'LuCH(OH)*CH/NIUL / ^ 

in common with quinine, are distinguished as powerful febrifuges 
combining a low toxicity to man and a high toxicity to infusoria 
and paramcecia. 

The study of the relation between chemical constitution and 
physiological action may have various objects, philosophic or 
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practical. From the purely scientific point of view, it is of great 
„ interest to determine the change in physiological action resulting 
from modification of' the chemical structure of an active compound 
and to elucidate the groups within its molecule to which its pre¬ 
dominant physiological action is due; whilst, from the practical 
standpoint, the work may be directed to the physiological, 
chemical, or physical improvement of a drug—for instance, it may 
be desired to eliminate some undesirable secondary effect while 
maintaining the chief physiological action of the drug, or to pre¬ 
pare a derivative more stable or more soluble than the parent 
compound. 

The relation between chemical. constitution and physiological 
action has a significance in the discovery of new drugs similar to 
the relation between chemical constitution and colour in the dis¬ 
covery of new dyes. In the latter case, however, a single physical 
property, the absorption of light of different wave-lengths, is 
studied; whereas the term physiological action has no simple 
meaning, but covers any action on the living organism. The 
bactericidal action of phenol, the hypnotic properties of diethyl- 
barbituric acid, and the local anaesthetic action of cocaine are ex¬ 
amples of physiological action which are no more comparable with 
one another than are the chemical structures of the three drugs. 
Moreover, it should be borne in mind that the same superficial 
signs of physiological action may be due to different causes. Purga¬ 
tion, for instance, is caused by saline cathartics, such as magnesium 
sulphate, which act by increasing the bulk of fluid in the intes¬ 
tines; and by vegetable purgatives, such as derivatives of anthra- 
quinone, which act by irritating the epithelium of the intestines, 
thus promoting peristalsis. The difficulty of generalisation in the 
relation under discussion may be instanced by the effect of intro * 

' dueing a methyl ' group into the ortho-position of a phenol, 
where, in the case of the parent compound, the resulting c-cresol 
iys a more powerful germicide than phenol, whilst, a similar substi¬ 
tution in p-hydroxy-jS-pheiiylethylamine leads to a substance, 
4-hydroxy-i8-m-tolylethylamine, which has only one-half of the 
pressor properties of the parent compound. The subject of this 
paper must therefore be subdivided eventually into a number of • 
fragments on the relation between chemical constitution and a 
particular physiological effect; but before proceeding with these, 
; : ;s6me general remarks on the action of drugs may b© made. 

: An example of physiological action which everyone can 
.appreciate without special knowledge is the effect of certain volatile 
compounds on the terminations of the olfactory nerves, producing / / 
the sense of smell Many compounds of similar constitution have 



CONSTITUTION AND PHYSIOLOGICAL ACTION. 1105 

the same type of smell—for instance, the lower fatty acids, whilst 
each member may have a specific odour—which, in this particular 
case, serves to .distinguish the individual members from formic 
to valeric acids. Sense of taste also provides an occasional means 
of discrimination, not only between side chains of different lengths 
—p-ethoxyphenylcarb amide (dnlcine) being sweet, whilst the 
higher alkylphenylcarb amides are not—but also in certain 
cases between stereoisomerides— d- histidine, for example, tasting 
sweet, whilst histidine is tasteless. It is noteworthy that stereo¬ 
chemical influences often have profound effects on the physio¬ 
logical actions of quite different classes of compounds, particularly 
in actions on nerve-endings, as Cushny has pointed out ( Lancet , 
September 9th, 1916, 459); thus, Z-hyoscyamine has about 100 
times the mydriatic action of the ^-variety and Z-adrenaline has 
many times the pressor effect of ^adrenaline. In the case of 
pilocarpine, which contains two asymmetric carbon atoms, a change 
of sign of one of these results in the formation of the stereoisomeric 
isopilocarpine, which has only a fraction of the activity of pilo¬ 
carpine itself. The asymmetry of a nitrogen atom may also con¬ 
dition a difference in physiological action; when Z-canadine is 
^methylated, a mixture of the a- and 0-methochlorides is obtained, 
the isomerism of which is due to the asymmetry of the nitrogen 
atom; these produce a typical curare effect (paralysis of nerve 
endings in voluntary muscle) in the frog, the 0-salt being, how¬ 
ever, twelve times as powerful as the a-salt. Stereoisomerides, 
however, do not always show large differences in physiological 
action, even in actions on nerve-endings; d- and Z-homatropine 
differ little from each other and ^Z-homatropine in mydriatic action, 
whilst <$-cocaine, a stereoisomeride of natural Isevorotatory cocaine, 
has a local anaesthetic action which, although quicker and more 
intense, is also more evanescent than that of cocaine. 

Very little is known about the cause of the variation in the. 
physiological actions of stereoisomerides, but recently an explana- 
: tion has been suggested by Windaus (Nachr, K, Ges. Wins* 
7 ' (rfittingen-) 1916, 301) for the different physiological behaviour of 
the stereoisomerides 0- and e-cholestanol. These compounds differ 
'"V.; greatly in their power of inhibiting the haemolytic action of 
saponins, such as digitonin, the former .having this property' in a 
', , v ;fiigh ,;i 'd:egtee,; ; Whilst the latter has only slight, preventive proper¬ 
ties. 'v ;,; lsfbw, i the 0-compound has been found to combine with 
digitonih . to, ^give'; am almost inactive additive product, whilst 
; e-oholestanol does not combine with digitonin. 

.This .case is■ of 'special importance, because of the close relation 
of the cholestanols to cholesterol, a constituent of the living 
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organism; it may be that a similar difference in the ability of 
stereoisomerides to combine with constituents of the nerve cells is 
the cause of their different action in other cases also. 

A point to be considered in connexion with the relation between 
chemical constitution and physiological action is the effect of the 
physical and chemical properties of the substance on its distribu¬ 
tion in the organism. The influence of physical properties, such 
as solubility in different media, may be of great importance, as 
in the case of hypnotics, where Meyer and Overton found that the 
narcotic effect of a series of aliphatic compounds on tadpoles was 
proportional to the partition coefficients of their solubilities in oil 
and water. An indication of the effect of chemical properties on 
the distribution of drugs in the organism was afforded by the 
work of Ehrlich (compare “ v. Leyden-Eestschrift/ 5 1898). He 
showed that basic dyes, such as methylene-blue, stained the grey 
nerve substance, whereas their sulphonic acids did not, and this 
difference suggested that -bases, which are liberated in the blood¬ 
stream by the alkali, are extracted by the nerve substances, whilst 
their sulphonic acids remain in solution as alkali salts. Similarly, 
the facility with which an alkaloid is extracted from aqueous 
alkaline solutions by immiscible solvents may reasonably be sup A 
posed to affect its distribution in the organism, and Ehrlich gave 
examples of the change of action when certain basic drugs are 
converted into derivatives containing a free acid grouping or into 
quaternary salts. 

In the case of alkaloids, it is a general rule that the introduc¬ 
tion of a free carboxyl group into the molecule profoundly modifies 
the physiological action of the parent compound. Benzoylecgonine, 
of which cocaine is the methyl ester, has no local anaesthetic action; 
quitenine, the acid obtained by oxidising the vinyl group of quinine 
to a carboxyl group, is non-toxic, but regains its toxicity on 
ethylation; the lactone pilocarpine becomes inactive on the addi¬ 
tion of a molecule of .alkali hydroxide, which forms the' alkaji; : sa^f 
of the corresponding hydroxy-acid, whilst a similar loss of physio¬ 
logical activity is shown by a series of iropeines containing a 
lactone group, which lose their atropine-like action on the addition 
of a molecule of alkali hydroxide. 

The formation of quaternary salts likewise very largely affects 
the physiological properties of alkaloids, and was the subject of 
study many .years ago by Crum-Brown and Eraser. To give an 
example from more recent work, Laidlaw (Biochem. 1910, 5, 
243) found that 8:7-dimethoxy-3:4-dihydrowcqumoline (I) had a 
strychnine-like effect, whilst its methochloride (II) was devoid of 
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this property, which, however, reappeared in its reduction product 
6: T-diumthoxy-S-methyltetrahydrofsoquinoline (III). 


OH 

MeO^ /N pCH a 

UH 2 

(I.) 


CH 

Meo/\ /, '^NMeCl 
MeO^ I pCH, 

7 oh 2 

(II.) 


CH 2 


MeOf y )N Me 
Mx'0 X/ j X/ jcH 2 

OH s 


(in.) 


A similar relation was- observed with papaverine (IV), its metho- 
chloride (V), and the reduction product of the latter, laudanosine 


C 

MeO^'Y 7 

MeU 


CH 2 -O fi H 3 (OMe) 2 


CH 2 -C ti H 3 (OMe) 2 

C 


\/\/ 

CH 

(IV.) 


CH 


Meo/S^NMeCl 

MeO' xxx II 

OH 

(V.) 


9H I -(1 # H,(OMe) 1 

CL1 



(VI.) 

(VI); here also the tertiary bases were characterised by strychnine- 
like action, which was not obtained with papaverine inethochloride. 

Having directed attention to the complication introduced into 
the relation under discussion by the effect of physical and chemical 
properties on the distribution of drugs, we may now consider certain 
difficulties of generalisation. We have seen that certain compounds 
closely allied in chemical constitution differ remarkably in. their 
action, and we find, bn the other hand, groups of substances which 
are almost indistinguishable physiologically, but have little in 
common from the point of view of chemical constitution; one such 
group is formed by the alkaloids nicotine, lobeline, and cytisine, 
V^ttpther by muscarine, arecoline, and pilocarpine. Experience has 
shown, however, that the members of a group of chemical com¬ 
pounds of similar constitution often resemble one another' imy 
v ptiysiplpgibal .action, ; and in such cases it is of'interest to, observe.'',' 
the effect of slight alterations in chemical structure. Many such 
investigations Have been carried out, and will be known to you. 
To-night I shall confine my attention to a few lines of work in 
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this field which have been carried out or materially advanced 
within the last ten years, selecting especially those with which the 
Wellcome Research Laboratories have been associated. 

Tropeines . 

The compounds known as tropeines are the acyl derivatives ot 
the amino-alcohol tropine. Atropine, the parent member of the 
group, is the rfZ-tropyl ester of tropine, and readily yields this sub- 

CH 2 —OH—CH 2 

NMe CJH'OCOCHPlrCHVOff. 

GHj—CH—CH 2 

stance on hydrolysis. By esterifying tropine with other acids, 
tropeines containing different acyl groups may be prepared. A 
number of these have been examined physiologically, the- best 
known being homatropine, the mandelyl ester of tropine, which 
was described by Ladenburg in 1883. In this paper I propose 
to give an account of the work on the relation between chemical 
constitution and physiological action in the tropeines, carried oiit 
some years ago by Dr. H. A. B. Jewett and myself with the co¬ 
operation of Dr. H. H. Dale, F«R.S. (Seventh Internal . Congr. 
Appl, Chem 1909, IYa, 1, 335), in continuation of an invests 
gation commenced by Dr. Jewett in collaboration with Dr. CL R. 
Marshall. 

The tropeines appeared to us to be specially suitable for a study 
of the relation between chemical constitution and physiological 
action, since they are easily prepared, give neutral salts readily 
soluble in water, and can be tested physiologically under uniform 
conditions. Their salts were dissolved in distilled water to give 
solutions equivalent in tropine content to a 1 per cent, solution 
of homatropine hydrobromide, and the mydriatic effects of these 
;solutions, were then compared. ' A; v 

: ■ By means of Two pipettes .delivering drops of,Bqual/sikev> : ' ; 'dyb|L : 
jy-.’-pf /Osxe.of.ithe^'twO'/solnticmB; - to be compared was allowed to fall 
into the right eye of a cat, and a drop of the other exactly at the 
same moment into- the left eye, the head being held until all was 
.* absorbed, so that none escaped by overflow of tears. In the case 
of the less active tropeines, the times: required to produce the 
■ : ; L maximum mydriatic effect were much the same in all cases, so that/ 
.the more active of two was easily recognised. In the case of the 
highly active tropeines, the rapidity of action, as well as the 
maximum mydriatic effect, had to be considered. 

noted that the mydriasis caused by .the more, 
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powerful tends to produce consensual myosis in the oilier eye, so 
that a small difference of activity is exaggerated and easily 
detected. 

The effect of concentrated solutions has not been tested, but 
tropeines which produce no perceptible effect in dilute solutions 
may give evidence of mydriatic effect when applied in concentrated 
form; thus Gottlieb [Arch, exp. Path . Pharrn 1896, 37, 218) has 
stated that lactyltropeine and hippuryltropeine produce no 
mydriasis when introduced into the conjunctival sac in 2 per cent, 
solution, but that 10 to 20 per cent, solutions produce mydriasis 
commencing in half an hour. Further, it must be pointed out 
that only the effect of local application has been tested; tropine 
itself, although it has no local action on the eye, produces a striking 
mydriasis in cats when given internally in large doses, and certain 
tropeines which have no local action, for example, idle lactone of 
o-carboxyplienylglyceryltropeine, produce mydriasis on injection. 

Briefly, the problem investigated was the relation between the 
chemical constitution of the acyl group of a tropeine and the 
mydriatic effect produced by the instillation of a neutral solution 
equivalent in tropine content to a 1 per cent, solution of hom- 
atropine hydrobromide into the conjunctival sac of a cat. No 
attempt was made to determine the cause of the mydriatic effect, 
which may have been due to action of the atropine type, that is, 
paralysis of the motor nerve-endings of the sphincter (contractor) 
muscle of the pupil, or to action of the cocaine type, that is, 
stimulation of the nerve-endings in the dilator muscle. 

Thirty tropeines were prepared and examined comparatively by 
this method. The mydriatic action of many of these had been 
recorded previously, and references to the earlier results are given 
below. The mydriatic action of a further fifteen tropeines, which 
we ourselves did not examine, is also taken into consideration. 

For the purpose of discussion, the forty-five tropeines may be 
divided conveniently into six groups. 


I. Tropeines of aliphatic acids ..... 8 

II. Tropeines of substituted benzoic acids . 6 

III. Tropeines of substituted hydratropic acids. II 

IV. Tropeines of substituted phenylacetic acids ............ IS 

V. Tropeines of substituted phenylpropionic acids. 5 

VI. Tropeines of acids in which the phenyl and carboxyl 

groups are separated by an imino-group . 2 

The tropeines of each group have been tabulated in order to 
show the results obtained at a glance. 
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1. Tropeine* of Aliphatic Acids. 

Mydriatic action 


Present 

Previous results com- 

,-——*—‘-n parison. 

Tropeitie. Formula. Action. Observer. Action. 

1. Acetyl- ... CH 3 *CO,T - Gottlieb 

A Glycollyl- .. CH 2 (0H)*C0 2 T - Marshall 1 

dct y u .c;h 3 '-ch(OH) : oo 4 t {I, *} c 20 , GottUeb 

4. Succinyl- . (‘CH.,*CO > ,T).> - ' Gottlieb 

o. Tartryl- .. [*CH(OHpc6,T], 

6. Fumarovl-. (:CH*00,T). “ ' " 

CHMe *CH *C0 2 T 

7. Methvlparaeonyi-... | | - Marshall 1 

0‘CG’CH* 

CMe 3 -CH : C0 2 T 

8. Terebyl-. | I + Marshall. 1 

o-co*ch 2 


1 Jowett and Haim, T,, 1906, 89, 6o7. 

Gottlieb stated that acetyl- and succinyl-tropeines can be brought 
in the solid state on to the conjunctival sac of a cat without per¬ 
ceptible mydriatic effect, but that lactyltropeine produces mydriasis 
commencing in half an hour under these conditions, although it 
is inactive when applied as a 2 per cent, solution. 

The above table shows that previous observers had only reported 
mydriatic activity of dilute solutions in one instance, that of 
terebyl tropeine. This compound was again examined in the 
course of the present work, and found to be inactive. Tarfcryl- 
and fumaroyl-tropeines were also inactive, so that no aliphatic 
tropeine that has yet been tested possesses mydriatic properties 
when applied as a dilute solution to the eyes of a cat. 


11. Tropeine s of Substituted Benzoic Acid*. 

Mydriatic action, 

1 Present 

Previous results*, ■ comparison. 

...- Jk -.,-:_ 7 . ^ . rlTt .^jr.J . ...:.. ^ 

1 ' Order of 

Tropeine, ' Formula. Action. Observer. Action, activity. 

9. Benzoyl- ..C 6 H 5 ’CO a T -f Sehmiede- + 2 

berg. 1 

10. Phthaloyl- .. C 6 H 4 (C0 2 T) 2 ' - 

11. <?-Hydroxy benzoyl- HQ*C e H 4 *CO a T — Falck s +, 1 

12. m-Hydroxybenzoyl-H0T1 6 H 4 *C0 2 T ,Volkers 2 -[- R 

1& p - Hydroxy benzoyl - H0 *C c HfC0 2 T 

14, Protocatechoyl- ... (HO^CA-COsT - Marshall ~ 

1 B- Buchheim, Arch, exp . Path. Pharm ,, 1876, 5, 466. 

. . 2 Ladenburg, Anmlen, 1888, 217, 82. 
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Our examination of the above tropeines confirmed the state¬ 
ments of previous observers, except in the case of o-hydroxy- 
benzoy It ropeine. So far from being inactive, this proved to be 
the most active of the tropeines of substituted benzoic acids, 
rn-hydroxybenzoy 1 tropeiue being the next in order of activity. 
The tropeines of p- 1, ’ n d 3 :4-dihydroxy-benzoic acids, both 

containing a paradiydi.Sx^TTi-oiip, were inactive. 


III. Tropeines of Substituted Hydra tropic Acids . 

Mydriatic action. 


Previous 

results. 


Present 

comparison. 


£! ** rj Q 

S c 3 SJ 

+2 « tr, 

Tropeino, Formula q Jf 4 p 

15. fZMTopyb(atropine) | OH,-OH + 1 n , ; 

10. ^-Tropyl-(hyoseyaminc) 1 | ‘ 1 ICushny^ -|- l 

17. d-Tropyl.(d-hyoscyainine) (CHPh'COoT + j Laiulaw- 

ch 2 -oh “ 

18. Atropino methonitratc.. | 4. Erbe 3 

CHPh-OO a T,MoNO, Grabe 4 

CH a *0*C0*CH a 

1,9. Acetyltropyl- ... | * -f Lewinand 

CHPh*CO a T 0 uillery 6 

C.H 2 C1 " 

20. Cblorohydratropyl- . | -{- Lewin and 

CHPh*CO,T Guillory 5 

CH a Br “ 

21. Bromohy dratropyl- . | + Lewin and 

OHPh’CO/r Guillory 5 

cfVo*so a H 

22. Atropinesulphurie acid | — Trended- 

CHPh*C0 2 T on burn 

OHo’OH 

23. Atroglyccryl- . | 4. 2 

CPh(OH)*CO.,T 

24. Atroiactyl-.. OPhMe(OH)*C0 2 T -j- VOlkers 

25. Atropyl- ... CPh(:CH 2 )*CO a T - Lewin and 

G uillery 5 

1 J. physiol, 1904, 30, 170. 

2 Barrowcliff and Tut in, T., 1909, 95, 1909. 

2 inaug.Diss., Munchen, 1903. 

4 Inmuf, Dlss., Gottingen, 1905. 

B Die Wirkungen von Arzneimittoln. und G if ton au£ das Augo,” Berlin, 
1905, p. 209. 

45 'Arch: exp. Path . Pharm., 1913, 73, 118. 

The tropeines of substituted hydratropie acids present several 
points of interest, the most striking being the difference in activity 
between l~ and tf-hyoscyamine. Cushny, working' with the partly 
racemised substances, found.; that Z-liyoscyamine was about fourteen 
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times as active a mydriatic as <$-hyoscy amine. Later, Laidlaw 
showed that the ratio of activity between the pure salts was much 
greater, the mydriatic action of the Z-compound being about one 
hundred times that of the dextro-compoxmd. The mydriatic 
action of atropine is therefore mainly due to the /-constituent. 

Methylation of the nitrogen atom of atropine decreases the 
mydriatic action, atropine methonitrate being apparently inter¬ 
mediate in action between atropine and homatropine. 

Acetylatropine is stated by Lewin and Guillerv to cause 
mydriasis and paralysis of the accommodation when applied in 
1 per cent, solution, whilst the same authors report that chloro- 
and bromo-hydratropyltropeines in 2 per cent, solution cause 
greater irritation to the eyes than atropine. The chloro-eom- 
pound, although less active than atropine, gives sufficient mydriasis 
for ophthalmic purposes, whilst the action of the bromo-compound 
is even slower and less intense than that of the chloro-compound, 
They found that atropyltropeine caused no mydriasis in 2 per 
cent, solution. 

Atropinesulphuric acid, the acid sulphuric ester of atropine, and 
at the same time an internal salt, has no- mydriatic action in 
1 per cent, solution. 

Atroglyceryltropeine is of particular interest, since it contains 
two hydroxyl groups in the positions of those of atropine and 
homatropine respectively. 


CffyGH 

c g h 5 '6*co 2 t 

H 

Atropine. 


CHyOH 

0 e H r ;C*00 2 T 

OH 

Atroglyceryltropeine. 


H 

o 0 h 6 *ckm s t. 

OH 

Homatropine, 


When examined on cats by the comparative method, it proved 
to be intermediate in activity between atropine and homatropine, 
but was less active than homatropine for ■ the human eye. 
Atrolaetyltropeine is described as a powerful mydriatic, strikingly 
similar in this respect to homatropine. ; 

. With the exception of homatropinesulphuric acid, which is in-' 
active, like atropinesulphuric acid in the previous section, all the 
tropeines of substituted phenylacetic acids have mydriatic proper¬ 
ties. The effect of stereoisomerism on the activity is much less 
marked than in the previous section, the enantiomorphous forms 
of homatropine differing only slightly in action, the Isevo-form 
being again the more,active. 

Homatropine methobromide dilates the pupils of cats’ eyes more 
/completely and more quickly than a solution ■ of, homatropine 
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„IV. Tropeines of Substituted Phenylacetic Acids. 


Mydriatic action. 

Present 

Previous results. com¬ 
parison; 

Tropeine. Formula. Action. Observer. Action, 

2 d. Phenylaoetyl- ... OH a Ph*CO a T H- 

27. dZ-Maudelyl-" \ ~!~ Volkers -|- 

28. ^.Mandefyl° Pi :!!!:: -CHPh(OH)*CO a T + 

29. 2 -Mandelyl-. J -j- 

30. cK-Mandelyl- 

methobromide OHPh(OH)*OO a T,MeBr -J- Symons 1 p 

31. dZ-Mandelyl-etlio - 

bromide ......... OHPh(OH)•CO a T,EtBu 4- Symons 1 -J • 

32. Homatropine-sul- — T rend el- 

phurio acid. CHPli(0-SO s H)*CO a T enburg 

33. o -Methylmandelyl- '\ ~b 

34. m-Methylmandelyl- iC 6 H 4 Me*CH(OH)-C0 2 T 4- 

35. p-Methylmandelyl - J J r 

30. Phenylchloro- 

acetyl- .. CHPhCPCO a T - + 

37. Phenylamino- 

acetyl- . CHPli(NH a )*C0 2 T H- 

38 . Phthalidocarboxyl- G 0 H 1 *0H*0O 2 T >{- Marshall -J- 

! I 

CO —0 

1 Jowott and Pyman, T., 1907, 91, 92, 


hydrobromide of the same strength, but is less active for human 
eyes. Homatropine ethobromide is less active than the metho- 
bromide. Of the three methylmandelylfcropeines, the ortho- and 
meta-compounds equal each other and are more powerful than 
homatropine in mydriatic power when tested on cats, but the para- 
compound is slightly less active, 

Phenylacetyl-, phenylchloroacetyl-, phenyl aminoacetyl-, and 
phthalidecarboxyl-tropeines, which contain no free alcoholic 
hydroxyl group, are all active, but much less so than homatropine. 

Cinnamoyltropeine, reported by Ladenburg as “hardly 
mydriatic,” was found to have no mydriatic properties under the 
conditions of our investigation. jB-Phenyl-a-hydroxy propiOnyl- 
tropeine is isomeric with atropine (a-phenyl-j8-hydroxypropionyl- 
tropeine) and also with atrolactyltropeine (a-phenyl-a-hydroxy- 
propionyltropeine); it only differs from homatropine in that the 
phenyl and secondary alcohol groups are separated by a methylene 
group. It is a powerful mydriatic for cats" eyes, and begins to 
dilate 1 the pupil considerably earlier than atropine, but the 
atropine .dilation when it once begins quickly overtakes the other 
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Y. Trope-in es of Substituted Phenylpropionic Acids, 


Mydriatic action * 


Present 

Previous com- 
results. parison. 


o , ..Q ,»' gu 

Tropeine. Formula. <5 O *tj ft 

3 \). Cinnamoyl- ...... CHPh:CH‘C0 2 T — Ladenburg — 

40. Lactone of o-cavb- C 6 H 4 ’CH(OH)*CH*CO a T 

oxyphenyl- | | — Symons 

glyceryl- CO-O 

41. ewCoumarincarb" 0 6 H 4 *CH:C'C0 3 T 

oxyl- j | — Symons 

CO——o 

42. /8-Phenyl-a-hydr- ■ 

oxypropi onyb CH 8 Ph*OH(OH)*CO a T | 1 


hydroxypro- 

pionyl- ‘.. C 5 H 4 N*CH 2 -CH(0H)‘C0 2 T H 2 


and becomes maximal a little earlier. When tested on human 
eyes, it was found to be inferior to homatropine hydrobromide. 

/F2-Pyridyhee~hydroxypropionyltropeine has been included in 
the above group. It differs from the preceding member by the 
substitution of pyridine for benzene, and, although active, is con¬ 
siderably weaker. 


VI. Tropeiues of Acids in which the Phenyl and Ottrho.ct/l 
Groups are Separated by an hnino-gronp. 


Tropeme. Formula. 

44. Hippuryl- O e H 5 *CO *NH*CH a *CO,T 

45. Phony lcarb- 

amo- ...... C 6 H 5 *NH-C0 2 T 


Mydriatic action, 

^■r.ii.nnv,,,,^«■—— ^ ~ ■,r.„n,urrr„ u ^ 

Present 

corn* 

Previous ^ retail ts. parison, 

Action.' , Observer* Action* 

f — 2% Gottlieb 

\-H0 to 20% 


Gottlieb states that hippuryltropeine behaves similarly to 
lactyltropeine, that is to say, it only exercises a mydriatic effect 
when the solid substance is introduced into the conjunctival sac 
to give a concentrated solution, and is inactive in dilute solution, 
Phenylcarbamotropeine proved to have a slight mydriatic action. 
In the foregoing tables, the tropeines are classified according to 
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their chemical constitution. The thirty members which we com¬ 
pared by the method given above may be grouped also in order of 
their mydriatic properties. 

I. Atropine I 

j8-Phonyl-a-hydroxypropionyi" J- Most active, 
tmpemc j 

31. AirogIyeer y11ropcmc Intermediate in activity be¬ 

tween atropine and hum- 

atropine. 

III. dLHomut repine \ 

(U and LHoxnatropine Of a similar order of activity. 

Quaternary salts of hom&tropme 
o- } and jo-Methylhomatropine J 

IV. $-2-Pyridyl-a-hydroxypropionyl- ' 

tropeino 

Idithalideeaiboxvltropeme 

Pheuylchloroacetyltropoino All active, but less so than 

Pli eny 1 am 11 i oacety I trop cine * liomatropine. 

Phenylacotyltropeine 

B enzoyl trop eine 

o -Hydroxy beiizoyltropeine 

m-Hydroxybenzoyltropeine 

V. I’honylcarbamotvopeiue Faintly active. 

VL Tartryltropeine \ 

Fu maroyltrop e ine 

Methylparaconyltropeine 

Te re by It rop e ine ^ , 

Lactone of o-oarboxyphenylglyeeryl- 

tropoine inactive. 

LvC'Coiimarincarboxyltropeine 
Phthaloyltropeine. 
p-Hydroxyfoenzoyltropeine 
Protocateehoyltropeine 
Cinuamoyltropeine 

Of the fifteen iropeines which we did not examine by the com¬ 
parative method, natural hyoscyamine, which is the hevo-variety, 
is nearly twice as active as atropine, rtVhyoscyamine much less 
so. Acetylatropine, ehlorohydratropyltropeine, bromohydratropyl- 
tropeine, atrolactyltropeine, and atropine methonitrate appear 
to be equivalent in mydriatic power to the members of groups XI 
a ml 111 of the above table, whilst the following are stated to be 
inactive in dilute solution: 

Acetyl tropeino. Atropyltropeine, 

GrlyeoUyl tropeino. Hippuryltropeine. 

Laetyltropeine. Atropinesulphurie acid. 

Suecinyitropeme. Homatropmesulphurie acid. 

Before considering whether any general conclusions can be 
drawn from these results, attention may be directed to the general¬ 
isation which lias found its way into the literature, sometimes in 
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association with, Ladenburg's name. This generalisation states 
that a tropeine to have mydriatic properties must contain (1) a 
benzene nucleus, and (2)'an alcoholic hydroxyl group in the side 
chain containing the carboxyl group. 

blow Ladenburg stated in 1883 that m-hydroxybenzoyltropeine 
had mydriatic properties, so it seemed unlikely that the general¬ 
isation was due to him. Accordingly, after a careful but 
unsuccessful search of the literature for such a generalisation 
under Professor Ladenburg’s name, we communicated with Mm, 
and learned that he was unable to recollect framing it. 

In the light of the evidence afforded above, it would appear that 
the first postulate of this generalisation is approximately correct; 
no tropeine of an aliphatic acid has yet been found to possess 
mydriatic properties in dilute solution, but, on the other hand, 
the closed chain need not necessarily be that of benzene, since 
j3-2~pyridyl-a-hydroxypropionyltropeme, which contains a pyridine 
instead of a benzene residue, is active. 

The second postulate, that a tropeine to be mydriatic must have 
an alcoholic hydroxyl group in the side chain containing the 
carboxyl group, is incorrect, for mydriatic substances are obtained 
when the hydroxyl group of atropine is exchanged for acetoxyl, 
chlorine, or bromine, and when the hydroxyl group of homatropine 
is exchanged for hydrogen, chlorine, or an amino-group, or when it 
is closed by the formation of a lactone; moreover, benzoyl- and 
o- and m-hydroxybenzoyl-tropeines are mydriatic. The loss of 
mydriatic properties on the replacement of the hydroxyl group in 
atropine and homatropine by the sulphuric acid residue is possibly 
due" to the same cause which operates in the case of substances 
containing a free carboxyl group, such as benzoylecgonine and 
quitexdne. 

Whilst, however, the second postulate is incorrect as regards 
the qualitative mydriatic action of tropeines, it must be remem¬ 
bered that those tropeines which we found more active than, or 
equal to, homatropine in mydriatic properties contained an 
alcoholic hydroxyl group. 

Of the tropeines of hydroxybenzoic acids, the o- and '/^-sub¬ 
stituted compounds were active, whilst the' p- and also the 3 :4-di- 
' hydroxy-compounds were inactive. - Substitution in the ^position 
in this case causes the mydriatic action to vanish, and in the 
case of the mefchylmandelyltropeines also the para-compound is 
less active than the ortho- and meta-isomerides. 

The tropeines, ■ of substituted hydratropic, phenylacetic, and 
phenylpropionic acids were all active with the exception of 
atropinesulphuric acid, homatropinesulphuric acid, the lactone of 
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o-carboxyphenylglyceryltropeine, and those containing an un¬ 
saturated linking in the side-chain containing the carboxyl group. 

Consideration of the above material led us to conclude that no 
generalisation as to the relation between mydriatic action and 
chemical constitution could be made which would offer a strict 
explanation of the results obtained. 

Before leaving the subject of the iropeines, attention may be 
directed to some points of interest in connexion with allied 
mydriatics. Norhyoscyamine, which differs from hyoscyamine in 
containing an imino- in the place of an iY-methyl group, has only 
one-eighth of the mydriatic effect of hyoscy amine, and the racemic 
form, .noratropine, is again about one-eighth as active as atropine 
(Carr and Reynolds, T,, 1912, 101, 946. Physiological tests by 
Laidiaw). 

It has already been pointed out that the steric structure of the 
acyl radicle of a tropeine influences its mydriatic properties. The 
steric structure of the basic portion of the molecule is also 
important, for the tropyl and mandelyl esters of ip -tropine have no 
mydriatic properties (Liebermann and Limpach, Ber 1892, 25, 
933. Physiological tests by Liebreich). 


A minoaikyl Esters . 


The question as to what portions of the cocaine molecule (I) are 
essential to the local anaesthetic action of the alkaloid has long 
been the subject of investigation, and the collated results of 
numerous workers have shown, by a series of eliminations, that 
the anaesthetic properties of cocaine are associated with its func¬ 
tion as an ammoalkyl ester. It has been found that the carboxy- 
methyl (C0.>Me) group is not an essential factor, since tropa- 
—cocaine (II), which contains no such group, produces the same 
effect; and, further, the presence of a bridged or simple ring 
containing nitrogen is unnecessary, since eucaine (III), which 
/possesses only a simple, not a bridged ring, and stovaine (IV), 
; alypine (V), and novocaine (VI), which contain no such ring, have 
well-marked local anaesthetic properties. 


CHo* CH—*C II * CO s M e 

NMe ti11*000Ph 

OH/Oa—OH, 

^ (L) * 

OH 3 *CMe~CH 2 

NH ; OH-OrOQPh 

GHsbn —CEL 

(III.) . 


OH 2 * OH—0H 2 
| NMe OH-O-COPh 

GH,-0H— CHo 
" (II.) 

CH 2 -NMe s 

C 2 H 5 -U-0-C0Ph 

6h„ 

(IV.) 
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CH,-NMe a 

C 2 H 5 -C*0-C0Ph (C 2 H 5 ) 2 N-CH 2 -CH 2 -0-C0-0 ( .H j1 -NH 2 (p) 

CH 2 *NMe a 

(V.) (VI.) 

From the above considerations, it follows that local anaesthetic 
action is associated with the aminoalkyl ester structure, and we 
may now inquire what complexes in such esters are necessary for 
the possession of local anaesthetic properties. Aminoalkyl esters 
have the general formula E,*C0*0-(CR 1 E 2i ) ii .”NE ;] E 4 ; they are 
formed by the esterification of an acid with an alcohol containing 
an m?? mo-group, and may he dealt with conveniently from this 
point of view. 

The acyl group of aminoalkyl esters possessing local anaesthetic 
properties is in most cases aromatic, and in the majority of sub¬ 
stances of practical application is the benzoyl group, as* instanced 
by the compounds numbered I to V. Fourneau (J. Phann , C him ., 
1910, [vii], 2, 337, 397) has, however, recorded that the valeryl, 
bromovaleryl, and bromoheptoyl esters of dimethylaminodi- 
methylethylcarbinol (the benzoate of which is stovaine) have 
anaesthetic properties, so that the presence of a ring complex in 
the acid does not appear to be essential. 

In the case of cocaine, replacement of the benzoyl by substi¬ 
tuted benzoyl or other acid radicles leads to substances with much 
weaker local ansesthetic properties. Thus the phenylacetyl deriv¬ 
ative is much less powerful, the o-chlorobenzoyl and m-nitrobenzoyl 
derivatives have only a slight local anaesthetic action, and the 
m-hydroxybenzoyl compound still less, whilst the substances in 
which the benzoyl is replaced by the valeryl, m-aminobenzoyl, 
phthaloyl, cinnamoyl, or isatropyl radicles are inactive (Ehrlich, 
Liebreich, and Poulsson. Compare Ehrlich and Einhorn, Ber. y 
1894, 27, 1870), Substitution in the benzoic acid nucleus of 
aminoalkyl benzoates is not, however, necessarily associated with 
weak local ansesthetic action, for the p-aminobenzoyl esters of many 
amino-alcohols are strong local anaesthetics, novocain© being 
diethylaminoethyl ^-aminobenzoate, whilst the dialkylaminoalkyl 
3:4-diamihobenzoates have also considerable local anaesthetic 
properties (Einhorn, D.B.-P., 194365). In the case of cocaine, 
the substitution of phthaloyl for benzoyl gave an inactive com¬ 
pound, and, similarly, whilst diethylaminoethyl benzoate, 
]STEt 2 *CH 3 *CH 2 -0*C0Ph, is stated to have local ansesthetic proper¬ 
ties (E, Sobering, D.E.-P., 175080), diethylaminoethyl phthaiate 
proved to be inactive (Pyman, T., 1908, 93, 1793. 'Physiological 
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tests by Dale and Symons). Passing now to aromatic acids, in 
which the carboxyl of the acyl group is nob directly attached to 
the benzene nucleus, we have seen that the replacement of the 
benzoyl by the phenylacetyl group in cocaine gives a substance 
having local anaesthetic properties; with a-eucaine, also, the phenyl- 
acetyl compound has well-marked local anaesthetic properties 
(Vinci, Yireh. Arch., 1898, 154, 549); it was found, however, that 
replacement of the p-aminobenzoyl group by the p-aminophenyl- 
acetyl group in novocaine and anaesthesine (ethyl p-aminobenzoate) 
gave inactive compounds, diethylaminoethyl and ethyl p-amino - 
phenylacetates (Pyman, this vol., p. 167. Physiological tests by 
Dale and Symons). 

Cinnamic acid usually, but not invariably, confers local anaes¬ 
thetic properties on aminoalkyl esters. As we have seen, cinnamoyl- 
cocaine is inactive, but the a-eucaine derivative has local 
anaesthetic properties (Vinci, toe . Tetramethyldianiino- 

dimethylethylcarbinyl cinnamate, that is, an “ alypine ” in which 
cinnamic acid takes the place of benzoic acid, produces an 
anaesthetic effect, lasting twice as long as that brought- about 
by the same quantity of cocaine (Farbenfabriken vorm. F. 
Bayer & Co., D.R.-P., 173631), whilst y-diethylaminopropyl 

cinnamate (apothesine) also has well-marked local anaesthetic 
properties (E. A. Wildman and L. Thorp, U.8. Pat., 1193649). 

It may be noted that the aminoalkyl esters of aminocinnamie 
acid are stated to have several times the local anaesthetic power of 
those of aniinobenzoic acid (Meister, Lucius, & Briining, D.R.-P., 
187593). 

With regard to the nature of the substituted amino-g roup 
required in an alkamine ester having local anaesthetic properties, 
there is little available information. Most of the best known local 
anaesthetics contain a tertiary amino-group, but /3-eueaine, which 
has powerful local anaesthetic properties, contains a secondary 
amino-group. Norcocaine, in which the A-methyl group is re¬ 
placed by the imino-group, has greater local anaesthetic properties 
than cocaine (compare Ehrlich and Einhorn, loc. cit.) 9 but the 
primary amine corresponding with novocaine, namely, /3-amino- 
ethyl p-aminobenzoate (VII) (Forster, T., 1908, 93, 1865. 
Physiological tests by Dale), is devoid of local anaesthetic action. 

The nature of the alkyl groups replacing the hydrogen atoms 
of the amino-group appears to affect the local anaesthetic properties 
in some degree; thus, piperidylethyl benzoate (VIII) is only 
slightly active, whilst s-di-j8-benzoyloxy-l: 4-diethylpiperazine (IX) 
has very distinct action, and ^3/3-dibenzoyloxytriethylamine (X) is 
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slightly active, whilst j3j8-dibenzoyloxymethyldiethylamine (XI) 
(Pyman, loc. cit.) is inactive. 

XH 2 -CH„-0H o -O-C0-C,.F 4 -X H, C 5 Hj n N* 0 H./OH y 0 ■ COPh 

(Vir.) ' " (viii.) 

PhC0-0-CH 2 -CH 2 -N<^^^>N-0H 2 -0H 2 -0-C0Ph 

(ix.) 2 


NEt(OH 2 -CH 2 *0-COPh) 2 

(X.) 


NMe(CH 2 -CH 3 -0-C0Pi.)., 

(XI.) 


The alcohol residues of these esters are very varied in character; 
they may he primary, secondary, or tertiary, and may separate 
the acyl residue and the substituted amino-group by chains of a 
varying number of carbon atoms. 

As instances of active aminoalkyl esters derived from primary 
alcohols, we have novocain© and the dialkylaminoethyl benzoates; 
in these, only two carbon atoms separate the acyl- and amino- 
groups. y-Diethylaminopropyl cinnamate is an example of an ester 
of a primary alcohol in which the two groups referred to are 
separated by three carbon atoms. Cocaine, tr op aco caine, and the 
eucaines are derived from secondary alcohols containing a chain 
of three carbon atoms between the acyl- and amino-groups, whilst 
instances of local anaesthetic property in secondary alcohols, in 
which these groups are separated by only two carbon atoms, are 
furnished by £bbenzoyloxy-/3~3:4-methylenedioxyphenyletliyldi- 
methylaraine (I) and j8y-dibenzoyloxydimethylpropyl amine (II) 


OH 8 *NMe 2 
OH-O-COPfa . 

011,-O-COPh 

(H.) 

Finally, typical examples of local anaesthetics .derived from 
tertiary alcohols are stovaine and alypine,' in which 1 the acyl and 
amino-groups are also separated by a chain of two carbon atoms. 

: The general conclusions to be drawn from the above summary 
are that in aminoalkyl esters having local anaesthetic properties 
(1) the acyl group is usually aromatic, (2) the amino-group may 
be secondary or tertiary, and may be associated with simple or 
bridged ring complexes, and (3) the alcohol group may b© primary, 


(Pyman, loc, cif .). 


0-0 IT, 

0 ' 

CH-OCOPh 

0H s -NMe s 

(I.) 
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secondary,, or tertiary, and may separate the acyl and amino- 
groups by a chain .of either two or three carbon atoms. 


Adrenaline and the Amines. 

Adrenaline, the active principle of the suprarenal gland, is a 
substance of powerful physiological action. Its action simulates 
the effects of exciting sympathetic nerves, and in consequence has 
been termed "sympathomimetic.” 

Therapeutically, it is chiefly used to prevent bleeding by its 
vasoconstrictor action when applied locally; when injected intra¬ 
venously, it causes, amongst other symptoms, a large rise of blood 
pressure, also partly due to vasoconstriction, and the measure of 
this pressor effect, when accompanied by other symptoms of 
sympathomimetic action, serves for the comparison of adrenaline 
with allied compounds. 

Adrenaline* is of comparatively simple constitution, being 
£L3:4-trihydroxy-jB-phenylethylmethylamine (I), and the question 
as to the relative influences of the different portions of its mole¬ 
cular structure has been the subject of much investigation. It 
was at one time suggested that the catechol nucleus (II) was the 
essential active group, for catechol causes a rise of blood pressure 
on intravenous injection, whilst the other half of the molecule, 
j8 -hy d r oxy ethy Irnethy 3 am in e (III), has no such action. 


OH 

OH 



r> H 

ch 2 *oh 

\/ 

CH-OH 

\/ 

CHyNHMe 

CH.vNHMe 



(I.) 

(ii.) 

(HI.) 


Barger and Bale (J. Physiol., 1910, 41, 19), however, showed 
that the rise of blood pressure produced by catechol was not due 
to sympathomimetic action, but to an action of an entirely different 
type, whilst, on the other hand, many aliphatic and aromatic 
amines had an action very similar to that of adrenaline. They 
studied the relation between chemical constitution and sympatho¬ 
mimetic action in a large number of amines gradually approaching' 
adrenaline in constitution, and as a quantitative index of the 
activity of the compounds they adopted the effect on arterial blood 
pressure. The aliphatic amines ' were first examined, then those 
containing a phenyl group, and'finally phenylalkylamines, in which 
one, two, or three'hydroxyl groups were introduced as substituents 
into'the benzene* nucleus. In the aliphatic series, the following 
VOL. CXI. , , ' Y Y 
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results were obtained with primary amines under comparable con¬ 
ditions ; 

Substance. Pressor effect. 

(1) Methylamine 

(2) Ethyiamine 

( 3 ) isoPropylamine - insignificant. 

(4) w-Propylamine 

(5) ssoButylamine 

( 6 ) n-Butylamine, positive. 

(7) i so A ray 1 amin e * several times that of No. 6 . 

( 8 ) »-Amylamine, distinctly greater than that of No. 7. 

(9) n-Hexylamine, greater than that of No. 8 . 

(10) n-Heptylamine, less than that of No. 9, 

(11) n-Oetylaminc, less than that of No. 10. 

With still higher members of the series, comparison was difficult, 
since they became increasingly toxic. 

Of secondary amines, diethylamine was found to be inactive, 
methyKsoamylamine, C 5 H 13 *NHMe, was considerably weaker than 
•isoamylamine, whilst dmsoamylamine had very little of the action. 
In the aliphatic series, therefore, the most active member proved, 
to be n-hexylamine. 

The next group examined consisted of aromatic amines in which 
the benzene nucleus was otherwise unsubstituted. 

( 1 ) Aniline, Ph*NH s> did not show the specific action- 

( 2 ) Benzylamine, Ph"C,H 2 'NH 2 , had a mere trace of the action. 

(3) a-Phenyiethylamine, . Ph*CHMe*NH 2 , . was very feebly active. 

(4) / 8 -Plienylefchylamine, Ph*CH 2 *CH 2 *NH 2 , was more active than Nos. (3) 

and (5), and its activity was 
distinctly greater than that 
of n-hexylamine, the most 
active of the aliphatic 
amin.es, 

4 i) 7 «Phenylpropy 1 amine, PhTOH 2 ] 3 *NH 2 , was much less active than 

No. (4). 

jBdPhenylethylamine, which proved to be the most active of this 
series, contains the skeleton of adrenaline, but, differs from it in 
lacking (1) the 3:4-dihydroxyl substituents of the benzene nucleus, 
(2) the hydroxyl substituent of the jQ-carbon atom, and. (3) the 
methyl, group attached to' the nitrogen atom. The effect of the 
two last substitutions singly or together' on jS-phenylethylamine 
was tested by the' examination of 0-hydroxy~i3-phenylethylamiixe, 
P1 i*CH(OH) w CH 2 *NH 2 , jS-phenylethylmethylamine, , 
Ph-0H 2 ’CH a -NHMe, 

and jThydroxy-jS-phenylethyhnethylamine, ■ 

Ph*CH(OH)*CH 2 *NHMe, 

none of which differed noticeably in activity from jB-phenylethyl- 
, amine. 

;, Further work was directed to determining the influence of 
'vphenplic:. hydroxyl groups ' on the action of these phenylalkyh 
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amines, and in the first place the effect of introducing a single 
hydroxyl group was ascertained, with the following results; 


(1) p -Hy d r o xy - $ -p h my let hy famine, 
fiO‘Cj;HpCH a e CH 2 ‘NH 2 . 


(2) w-Hydroxy-jS-phenylothylamino, 

(3) o -Hydi*oxy-/3-phenylethylamine, 

(4) 4-Hydroxy-$-m-tolvlethylamme, 

Me 

HO<^ S )CH 2 , CH 1! *NH 2 . 

( 5 ) 0 -p-Dihy droxy ■ - 0 -ph eny lethylamine, 

H0-C 6 H 4 *CH(0H)-CH 2 -NH 2 , 

(G) p-Hydroxy - w-ammoacetophenone, 

HO , C 6 H 4 *CO *CH a *N’H r 

(7) p-Hydroxy-n-phenylethylmethylamine, 

HO *C* c H 4 * CH a * CH 2 *NHMe. 

(8) p-Hydroxy-j8-phenylefchyleihylamine, 

HO*C 6 H 4 *OH a *CH 2 *NHEt. 

(9) p-Hydroxy-^-phenylefehyUliniethylaminc* 

H O * C 8 H 4 • CH 3 *C H 2 *NMe a . 

( 10) p-Hydro xy - 0 -plieny letky It rime thy 1 

amraonimn iodido, 

HO *C G H 4 “CH a ’OH a ‘NMOfjL 

(11) dl~p - Hydro x y - a -pi i eiwletliyl ami n e. , 

H6*C 6 H 4 *CHMo-NHo. 

12) iJ-p-Hydroxy-a-photiylethjdamine, 

(13) p -Hy dr o xypheny let hylacetamide, 

HO *C 6 K 4 “CH a *CH 2 *NHAc. 

(14) Tyrosine ethyl ester, 

HO *0 6 H 4 *OH 2 *CH(CG s Efc) *NH a « 


3 to 5 times as active as 
0 -p heny lo thy lam ine. Had 
about l-20th of the activity 
of adrenaline. 

Equal to (1). 

No more active than $-phenyl- 
ethylamine. 

Half as active as (1). 

Less active than (1). 

Feebly: about 1-I0th as 
active as (1). 

About the same as (1). 

Considerably less active than 
(I) and (7). 

Very much less active than 
(1) and (7). 

Action entirely different from 
that of adrenaline, resemb¬ 
ling that of nicotine. 

Very slightly active. 

Very slightly active; not 
different from (11). 

Inactive. 

Inactive. 


, The foregoing results show that the introduction of a hydroxyl 
group into phenylethylamine 'is accompanied by an increase in 
activity in the case of the p- and m-compounds, but not in that 
of the o -substituted compound. 

Her© again, as in the unsubstituted phenyl series,' neither the 
introduction of a hydroxyl group in the ^-position (5), nor meihyl- 
ation of the nitrogen (7) increases the activity of the parent com¬ 
pound, whilst the introduction of a larger alkyl group (8)' or 
second methyl group (9) on the nitrogen atom seriously diminishes 
the activity of. the compound. 

The next group of compounds examined contained two phenolic 
hydroxyl groups, ,and included (a) derivatives of acetocatechol, 
(b) derivatives of ethylcatechol, and (c) .derivatives of. hydroxy- 
©thylcatechol. By determining the doses which produced rises of 
blood pressure to equal submaximal heights, the approximate 
average activity.values were found to be as follows: 1 
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(a) (1) 3 : 4-Dihydvoxy-M-aminoaeet.ophciioiiP, 

(0H) 2 C c H 3 -c6-CH 2 -NH 2 .. 1-8 

Weaker 

(2) 3 : 4-Dihvdroxy-w-raefchylaminoacetophenoiio, than No. 

(OH) 2 C;H 3 *CO-GH 2 *NHMe - (I); greater 

than 

l No, (4). 


(3) 3 ; 4-Dibydroxy-«-ethyIaminoacotophonono 5 

(OH)X> g H 3 *00*CH 2 ’NHEt . 2-25 

(4) 3 : 4-Dihvdroxy-w-propylaminoaeet ophenori e, 

(0H) 3 0cH.fCO*CH a *NHPr ..... 0-25 

{ b ) (5) 3 : 4-Dihydi*oxy-j8-ph©nylethylamiiie. 

(OH) a C^H 3 *CHg‘CJl 2 *NH 3 . 1 

(6) 3 : 4-DihyclrGxy-£-phenylethylinethylanmie, 

(OH) a O 0 H 3 *Cil a *CH a *NHMe .. 5 

(7*. 3 : 4-Dihydroxy-jS-phenvlet-hylethylamine, 

(OH) 2 C 6 H 3 'CH 2 *OH 3 ’NHEt .. 1*5 

(8) 3 : 4-j3ihydroxvh8-phenvlethylpropylamine, 

(OH) 2 C* e Ho*CH 2 *CH 2 *NHPr .... 0*25 

(c) (9) cZZ-jS-3 : 4-Trihyrlroxy-^8-phenvlethylamine, 

( OH) 2 C c H 3 *GH( OH) *CH a ’aSTH 2 ... 50 

(10) dl- j8-3: 4-Trihydroxy-3-pheaylethylmethvlamine (dZ-adren- 

aline), (OH) 2 C 6 H 3 -CH(OH)*CH 2 *NHMe. 35 

(11) Z-/5-3 : 4-Trihydroxy- fi -plienylethylmethylamine (Z-adren¬ 
aline) . 50 


In these series, the if-propyl derivatives were much less active 
than the iY-methyl and Y-ethyl derivatives, but there is no con¬ 
sistency in the relative values of the amino-, iY-methyl,. and Y-ethyl 
derivatives; in the (a) series the Y-ethyl , in the (b) series the 
iY-methyl, and in the (e) series the amino-compound, was the most, 
active of those examined. 

Two amines containing three phenolic hydroxyl groups were also 
examined, namely, 2 :3 :4-t rihy dr o xy-co-a m in o a c et o p hen on e, 
(OH) s C ( 5 H 2 *CO*OHo"NH 2 , 
and 2:3; 4-trihydroxy-^-ph.enylefhylamine, 

(O H) a C n H 2 * CH 2 * CH S *NH 2 . 

In each case the pressor action was somewhat weaker than that 
of the corresponding catechol base. 

Consideration of the above results led Barger and, Dale to the 
following conclusions: ■ “ The ■ optimum carbon-skeleton for 
sympathomimetic activity consists of a benzene ring with, a 1 side- 
chain of two carbon atoms, the terminal one bearing the amino- 
group. Another optimum condition is the presence of two 
phenolic hydroxyls in the 3:4-position relative to the side-chain; 
when these' are present, an alcoholic hydroxyl still further 
intensifies the activity. A phenolic hydroxyl in the ortho-position 
does not increase the activity. 

Many physiologically active amines occur in nature as the result 
of .decarboxylation, of amino-acids by bacteria. Of those men- 
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tionecl above, for instance, woamylamine and //-hydroxy-j8- j > he nv l - 
ethylamine are derived from leucine and tyrosine respectively. 

HO-C 6 H 1 -CH 2 -CH(NH 2 )-CO s H -> HO-O fi H 4 -CH l ,-CH 3 -NH 2 . 

Tyrosi ne. p -Hydroxy-j8- phenyle th ylamine. 

Derivatives of ethylamine containing heterocyclic nuclei are 
formed similarly, thus indole-ethylamine from tryptophan and 
amino ethyl gdy oxal in e from histidine. Am in oethy lgly oxaline occurs 
naturally in ergot, and is an intense stimulant of plain muscle ; 
several of its derivatives and allied compounds listed below have 
been prepared and compared with it physiologically (Ewins, T., 
1911, 99, 2052; Pyman, ibid., 2172; 1916, 109, 186, Physio¬ 
logical tests by Laidlaw and Dale): 


(1) 4-Aminomethylglyoxaline....... C 3 H 3 N 2 *CH 2 *NH 2 . 

(2) 5-Methyl -4 -aminomethy lgly oxaline ... Me*0 3 Hobr 2 *0H 2 *NH 2 . 

(3) 5 -Methyl- 4-methyIaminomethylgly oxaline Me*0 3 H 2 ISr 2 °CH 2 "NHMe* 

(4) 4-j8-Aminoethylglyoxaiine . C 2 H 3 N 2 *CH.,*CHo*NH 2 . 

(c;h 3 n 2 *ch; “ 

(5) /3y-bis(4-Glyoxaline)-propylamine. .-1 1 

( C 2 H 3 ‘N a , OH*CH 2 “NH 2 . 

(6) j3-Hydroxy-j3-glyoxaline-4-ethylamme' ...... C 3 K 3 jX 2 ‘CH(OH)*CH 2 *NH 2 . 

(7) 5 - Methyl - 4 - amino et hy lgly ox aline . Me*0 3 H 2 lSf 2 ‘CH 2 # CH 2 *]S[H 2 . 

(8) S. - Methyl - 4 -am in oe thy lgly oxal i lie . Me*C 3 H t >N./CH 2 *CH 2 *NH 2 , 

(9) l-Methyl-5-aminoethylglyoxaline . Me*C 3 HlN'. ? # CH«,*CH 2 *NHu. 

(10) 4-7-AminobutyIglyoxalino .CjH^VCHg-CH^CHMe'NHg 


Of these compounds, No. 6 was found to be less active than 
aminoethy lgly oxaline (No. 4), and No. 7 had only about a 1 / 200th 
of the characteristic stimulant action of No. 4, whilst the remain¬ 
ing members of the series only showed this action to a slight 
extent. Here also the optimum side-chain has two carbon atoms 
between the cyclic system and the amino-group, the compounds in 
which one (No. 1) and three (No. 10) carbon atoms separated these 
groups being much less active. The introduction of an alcoholic 
hydroxyl group (No. 6) or of methyl substituents into the nucleus 
(No. 7) or into the imino-group (Nos. 8 and 9) also gave less active 
compounds. 

Pro tozoa cidal 1) r utjx, 

The fourth and last example of the relation which I desire to 
discuss to-night concerns the action of certain alkaloids in proto¬ 
zoal diseases. 'Malaria is a condition in wjxich the blood is infested 
with plasmodia, and is treated by means of quinine, which has a 
specific action on the parasites. Amoebic dysentery is similarly 
due to infection with the Entamoeba histolytica , and responds 
best to the action of emetine. Experiments. have' recently been 
conducted, in,both fields to determine whether some derivative of 
the' alkaloids mentioned, or one of the alkaloids associated 'with 
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them in cinchona bark or ipecacuanha root respectively, have any 
advantages therapeutically. The line of attack has been some¬ 
what similar in the two cases; the toxicities of the drug and a 
number of its derivatives to protozoa and mammals were first deter¬ 
mined in the laboratory, and the more promising derivatives were 
then tested clinically. 

In the case of the inquiry into the value of certain cinchona 
derivatives (A. G. MacG-ilchrist, Ind. J. Med. Bex., 1914—1915, 
2, 315, 336, 516; 1915—1916, 8, 1), the relative lethality of each 
derivative to different species of infusoria (as representing protozoa,) 
and to guinea-pigs (as representing mammals) was determined, with 
the object of finding some indication as to which derivative would be 
most useful • for the treatment of malaria, that is, would kill the 
parasite and yet cause least inconvenience or harm to the host. 

The results obtained are tabulated below, the substances being 
given in the order of their lethality to infusoria, ethylhydro- 
cupreine hydrochloride being the most toxic. The minimum, lethal 
dose to guinea-pigs is also given, together with formulae designed 
to show the structural differences at a glance; the two pairs of 
stereoisomerides, quinine and quinidine, cinchonine and cinchon- 
iciine, differ in the sign of the carbon atom bearing the alcoholic 
hydroxyl group. 

I . M.L.D. for 

guinea-pigs 

’ [ Substances in order of lethality * mg. per 

to infusoria. kilog. Formula. 

1. Ethylhydrocupreine hydrochloride 0*65' EtOG 17 H 18 ON 2 *CH 2 *CH s , 

2. Cinchonine sulphate ... 0*425 H*C 3 , 7 H 18 uNa 1 CH:CH a 

3. Quinine sulphate ... 0*525 MeO*0 17 H lg ON a *CH:OH 2 , 

4. Hydroquinine hydrochloride ... 0*0 MeO‘C 17 H I8 ON a *CH g *CH r 

5. Quinidine sulphate .. 0*4 MeO'C I7 H 18 ON 2 *CH;CH 2 . 

6 . Cinchonidine sulphate.. 0*0 H*C 17 H 38 ON g ‘CH;CH 2 . 

From these results, it appeared that ethylhydrocupreine, in 
which .the vinyl group of quinine is reduced, whilst ethoxy! takes 
the place of methoxyl, was a promising'subject for clinical trial 
in malaria.' On a clinical comparison, however/the order of their 
value was found 'to be as follows: 

1 . Hydroquinin© hydrochloride. 

| Cinchonine sulphate. 

2. -I Quinine sulphate. 

| Quinidine sulphate. 

5. Ethylhydrocupreine hydrochloride, 

6 . Cinchonidine sulphate. 

In the case of the alkaloids of ipecacuanha, determinations of 
the relative toxicity of a number of compounds to free living 
' amoebae gave the following results (Pyman and Wenyon, J. 
Pharmacol 1917, in the press). Emetine, cephaeline, A-methyl- 
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emetine, and N-m eth y 1 c eph a el in e were approximately equally 
axnoebaeidal; iV-methylemetine methoehloride, rubremetin© hydro¬ 
chloride, nor emetine, and the hydrochloride B, 

C 20 H 27 O 3 lSf ClojHCl ,5ILO, 

obtained by the oxidation of cephaeline, were inferior to these, 
whilst psychotrine sulphate was much inferior. These results 
indicate that the full amoebacidal action characteristic of emetine 
is only exhibited when the nucleus is intact. The exact constitu¬ 
tion of the nucleus of these alkaloids is at present unknown, but 
it is certainly present intact and fully reduced in emetine, 
cephaeline, i^-methylemetin©, N -m ethyl cepli a el in e, and noremetine, 
for these substances are interconvertible in a simple manner, differ¬ 
ing only in the number of methyl groups attached to the oxygen 
and' nitrogen atoms of the molecule. 


|(0H) 4 

c„hJnh 

|n 

Noremetine. 

[OH 

0 H I (° Me )» 

^25 tl 25l NH 

IN 

Psychotrine. 


C,,H„ r 


roH 

(OM#), 


NH 

s 

Cephaeline. 

(OH 
I (OM«) s 
NMe 

IN 

N -Mothylcephaeline, 


f(OMe) 4 

o«hJnh 

Emetine. 

f(o£) t 

‘W NMe 

In 

N -Methylemetine. 


It is interesting to note that four of these compounds were very 
active. The inferiority of noremetine may conceivably b© due to 
the fact that this compound contains four hydroxyl groups in 
place of the four methoxyl groups of emetine, for Laidlaw (loc. 
cit.) has shown that amongst other u’oqumoline derivatives a 
similar change of constitution produces 'an alteration in physio¬ 
logical action, iV-Methylemetine methochloride is a biquaternary 
salt, and, as such, a difference' in its action from that of the 
parent tertiary base is not surprising. The fact that the hydro¬ 
chloride B .still retains some amoebacidal properties is interesting, 
because of the comparatively simple constitution of this substance, 
which is devoid of the ■ guaiacol residue and on© of the nitrogen 
.atoms of cephaeline. The two remaining substances, rubremetin© 
and psychotrine, are not fully saturated, rubremetin© hydrochloride 
containing eight hydrogen atoms fewer than emetine hydrochloride, 
whilst ' psychotrine contains two atoms of hydrogen fewer than 
cephaeline. 

Some of the above compounds and certain' others' have also been 
tested on Entammba histolytica in vitro (Dale and. Dobell, J. 
Pharmacol 1917, in the press), and here again emetine, cephaeline, 
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and i\ T -methy!einetine proved to be active, as was also the O --methyl 
ether of psyeliotrine (which had not been tested on free living 
amoebae), whilst psyeliotrine again proved to have only a slight 
action. 

it is curious to contrast the similarity of action between cephae- 
line and its methyl ether, emetine, with the difference between 
psyeliotrine and its methyl ether. The toxicity of many of the 
above compounds was determined, and the laboratory results 
indicated that W-methylemetine and 0-methylpsychotrine were less 
toxic than emetine to mammals. Since they were at the same time 
equal to emetine in amoebacidal properties, it was thought that 
they might prove to be superior to this alkaloid in the treatment 
of amoebic dysentery, but unfortunately clinical trials have shown 
that this is not the case (G, C. Low, Brit. Med, November 
13th, 1915; C, M. Weuyon and F. W. O’Connor, J. Boy, Army 
Med . Corps, 1917, 28, 473; M. W. Jepps and J. C. Meakins, Brit . 
Med, J., November 17th, 1917, 648). 

A review of the subjects discussed to-night leads to the con¬ 
clusion that it is very difficult to improve upon naturally occurring 
active principles, the use of which in medicine is due to accumu¬ 
lated experience. In point of maximum effect, none, of the natural 
compounds discussed to-night—hyoseyamine, cocaine, adrenaline, 
quinine, -emetine—is surpassed by its derivatives; but, on the 
other hand, it has been possible in some of the cases to prepare 
derivatives or synthetic analogues which have proved to be of 
service in medicine. 

In conclusion, I should like to thank Dr. II. H. Dale, F.R.S., 
of the staff of the Medical Research Committee, for help on the 
physiological side, and Dr. H. A. D. Jewett for his collaboration 
in the previous paper, which forms the basis of much of the work 
recorded above. 



INDEX OF AUTHORS’ NAMES. 


TRANSACTIONS. 1917. 


A. 

Angel, Andrea, obituary notice of, 321. 

B. 

Bagster, Lancelot Salisbury, compounds 
of calcium chloride and acetone, 494. 

Baker, Julian Levctt, and Henry Francis 
Everard Hulton, evidence of the ex¬ 
istence in malt of an enzyme hydro¬ 
lysing the furfnroids of barky, 121. 

Bassett, Henry, ju,n., the phosphates of 
calcium. Part 1Y. The basic phos¬ 
phates, 620, 

Bennett, George Macdonald, the crystal 
form and isomerism of some ferro- 
cyanides, 490. 

Blount, Bertram , the limitations of the 
balance, 1035. 

Briggs, Samuel Henry Clifford, the 
structure of inorganic compounds, 253. 

Brightman, MainakL See Raphael 
Moldola. 

Brown, (Miss) Janet Forrest McGillvmiy, 
and Robert Kobinson, veratriusul- 
phinide, 952. 

Browne, Fere Rochelle . See Frederick 
FaMiser Worley. 

Browning, Kendall Colin , the detection 
of traces of mercury salts for toxico¬ 
logical purposes, 236. 

C. 

Baton, Frederick William, obituary 
notice of, 312. 

Chapman, Alfred Chasten , spinaeene: a 
new hydrocarbon from certain fish 
liver,oils, 56. 

some main lines of advance in the 
domain of modern analytical chem¬ 
istry,' 203* 

Chowdhuri, Tarim Charm . See Pan- 
chdnan Keogh 

Colson, Emile , the constitution of 
cyanamide, 554. 

' CXI. 


Cooper, Christopher. See Aquila 

Forster. 

Copisarow, Maurice, the Friedel-Crafts' 
reaction. Part l. Plithalyl chloride 
and the mechanism of its reaction 
with benzene, 10. 

Cunningham, (Miss) Mary, and Charles 
Doree, contributions to the chemistry 
of caramel. Part I. Caramelan, 589. 

B. 

Davies, Edward , obituary notice of, 323. 

Be, Rajmdra Lai, relationship) between 
the physical properties of isomeric 
cobaltammmes and the electro-valen¬ 
cies of their co-ordination complexes, 
51. 

Debus, Heinrich , obituary notice of, 325. 

Denham, Henry George, lead subiodide, 
and an improved method for prepar¬ 
ing lead suboxide. The solubility of 
lead iodide, 29. 

Denham, William Smith , and (Mm) 
Hilda Woodhouse, trimethyl glucose 
from cellulose, 244, 

Dey, Mantle Lai. See Frafulla Chandra 

Bay. 

Dhar, Nilratan , catalysis. Part III 
Some induced reactions, 690. 
catalysis. Part IV. Temperature co¬ 
efficients of catalysed reactions, 707* 

Dixon, Augustus Edward, salts of tbio- 
earbamido, 684. 

Dor6e, Charles. Bee ( Miss) Mary Cun¬ 
ningham. 

Drakeley, Thomas James , the liberation 
of hyurogen sulphide from gob fires in 
coal mines, 853, 

Bruce, John Gerald Frederick, a simple 
method of preparing potassium stanni- 
chloride, 418. 

E. 

Esson, William , obituary notice of, 332. 

' Z25 



1130 


INDEX OF AUTHORS. 


I*. 

Farmer* Charles George Edgar, obituary 
notice of, 314. 

Ferguson, John, obituary notice of, 333. 

Forster, Aquila,, Christopher Cooper, and | 
George Yarrow, compounds of ferric ' 
chloride with ether and with dibenzyl 
sulphide, 809. 

Foster, Henry StcnnetL See Raphael 
Meldola. 

Francis, Arthur Gordon , 3:4-di-y?- 

nitrotetraphenylfuran, 1039. 

Friend, John Albert Newton, notes on 
the effect of heat and oxidation on 
linseed oil, 162. 


G. 

Ghosh, Jnancndra Chandra . See Pra- 
fulla Chandra Ray, 

Ghosh, Praphulla Chandra, action of 
acetaldehydeammonia on quinones, 
608. 

Ghosh, Praphulla Chandra, and Edwin 
Roy Watson, the effect of additional 
auxochromes on the colour of dyes. 
Part II. Triphenylmethane and azo¬ 
dyes, 815. 

Gibson, Charles Stanley, John Lionel 
Simonson, and Madyar Gopala Ran 
[with John Edward Purvis], the 
nitration of 2-aeetylamino-3:4~dimc- 
thoxybenzoic acid and 3-acetylamino- 
veratrole, 69. 

Gray, Harold Heath, a simple apparatus 
for the washing of gases, 179. 

Green, Arthur George, and Frederick 
Maurice Row©, the conversion of o- 
nitroaminos into wwoxadiazole oxides, 
and of oiritrosoainines into huoxadi- 
azolos, 612. 

Green well, Allan . See Richard Vernon 
Wheeler, 

Griffith, Robert Owen, Alfred Ramble, 
and William Cudmore McGullagh 
Lewis, studies in catalysis. Part YI. 
The mutual influence of two reactions 
proceeding in the Same medium, 389. 

Griffiths, John, obituary notice of, 315. 


H. 

Hammick, JDahiel Llewellyn, the action 
of sulphur dioxide on metal oxides, 
/ Part L, 379., 

Haward, William Arthur, and Resale 
Garalapury Sastry, the uniform xnove- 
1 ''tffient 1 of flame in 1 mixtures of acetylene 
and air, 841. 


Hickinlbottom, Wilfrid John, See Joseph 

Reilly. 

Hindmarsh, {Miss) Ellen Margaret, (Miss) 
Isabel Knight, and Robert Robinson, 
5-bromoguaiacol and some derivatives, 

940. 

Howard, David, obituary notice of, 342. 
Hulton, Henry Francis Everard. See 
Julian Lovett Baker. ' 

i 


Jones, Thomas Gilbert Hairy, a^ le 
Robert Robinson, experiments on jj 10 j 
orientation of substituted eat<< w 
i ethers, 903. y im 

| Joseph, Alfred Francis, and WiltU e 
i Norman Rae, chromium phosphq a 
196. \ 

K. > 

Knight, (Miss) Isabel. See (Miss) Elicit _ 

Margaret Hindmarsh. 

Koningh, Leonard de, obituary notice f 
of, 348. ‘ ^ / 

• ' 1 I 

* ,i 

Lakhumalani, Jamiat Vishindas. See ; 
John Joseph Sudborough. 

Lamble, Alfred , See Robert Oweni | 

Griffith. ‘ (. t; 

Lap worth, Arthur, (Mrs.) Leonora KlcH \ 
Pearson, and Frank Albert Boyle, the '] 
pungent principle of ginger. Part I. . 1 
The chemical characters and deeom- 1 \ 
position products of Thresh’s ‘‘gin- 
gernl,” 777. 

Lapworth, Arthur, and Frederick Henry 
Wykes, the pungent principles of 
ginger. Part II. Synthetic prepar¬ 
ations of zingerone, methylzingerono 
and some related acids, 790. 

Lewis, Ernest Alfred, obituary notice 
of, 348. 

Lewis, William Cudmore McGullagh, 
studies in catalysis. Part VII. Heat 
of reaction, equilibrium constant, 
and allied quantities, from the point 
of view of the radiation hypothesis, 
457. 

studies in catalysis. Part VIII. 
Thermochemical data and the 
quantum theory ; high temperature 
reactions, 1086. 

Lewis, William Cudmore McGullagh.) 
See also Robert Owen Griffith. 

Lloyd, Percy Vivian . See Clarence 
Arthur Seyler. 



INDEX OF AUTHORS, 


113 ! 


«' ffl. 

Macbeth, Alexander Kilim, and Alfred 
IFalter Stewart, the absorption spectra 
of substances containing conjugated 
and unconjugated systems of triple 
bonds, 829. 

McConnan, James, obituary notice of, 
316. 

McCourt, Cyril Douglas , obituary notice 
of, 318. 

McDavid, James Wallace, the temper¬ 
ature of ignition of gaseous mixtures, 
1003. 

MaeBougall, (Miss) Elizabeth, Alfred 
Walter Stewart, and Robert Wright, 
phosphorescent nine sulphide,' 668. 

Martin, Gerald Hargrave. See George 
Sender. 

Mason, Walter, and Richard Vernon 
Wheeler, the “uniform movement” 
during the propagation of flame, 1044. 

Maxted, Edward Bradford , disodium 
nitrite, an additive compound of 
sodium nitrite and sodium, 1016. 

Meek, David B the absorption spectra 
of some polybydroxyanthraquinone 
dyes in concentrated sulphuric acid 
solutions and in the state of vapour, 
969. 

Meldola, Raphael, obituary notice of, 
849. 

Mel&ola, Raphael, Henry Stenndt Foster, 
and RtUnald Brightman, attempts 
to prepare asymmetric quinqueva¬ 
lent nitrogen compounds. Part I. 
5-Aminosalicylic acid and related 
1 compounds, '583. 

attempts to prepare asymmetric quin¬ 
quivalent nitrogen compounds. 
Fart II. Nitrated hydroxydiphenyl- 
amines, 546. 

attempts to prepare asymmetric quin¬ 
quivalent nitrogen compounds. 
Part III. Hydroxyphenylglycine, 
551. 

Mitter, PrafnUa Chandra, and Jnan- 
cuclra Nath Sen, action of phenyl- 
hydrazine cm opianie, nitro-upianie, 
and phthalonic acids ; some deriva¬ 
tives of hydrazo- and azo-phtbalide, 
988. 

Morgan, Gilbert Thomas, and Henry 
Philip Tomlins, the constitution of 
internal diazo-oxides (diazophenols). 
Part II,., 497. 

Morgan, Gilbert Thomas, and Adolph 
William Henry Tipton, acyl deriva¬ 
tives of jp-diazoinainobeiizene, 187. 

Miiller, Hugo, obituary notice of, 572. 

Myers, James Eekersley, boric anhydride 
and its hydrates, 172. 


N. 

Neogi, Ranchman, and Tarim Charan 
Chowdhuri, reduction of aliphatic 
nitrites to amines, 899. 

Newbery, Edgar, the hydration of ions 
and metal overvoltage, 470. 

Nichols, Raymond William , obituary 
notice of, 319. 

Merenstein, Maximilian, the synthesis 
of hydroxyquercetin, 4. 

Nomura, Hiroshi, the pungent principles 
of ginger. Part I. A new ketone, 
zingerone (4-hydroxy-3-methoxy- 
phenylethyl methyl ketone) occurring 
in ginger, 769. 

O . 

Orr, (Miss) Annie Mary Bleakly, Robert 
Robinson, and (Miss) Margaret Mary 
Williams, the action of halogens on 
piperonal, 946. 

P. 

Pearson, (Mrs.) Leonore Kletz. See 
Arthur Lapworth. 

Pickering, Spencer Per dm l Urnfredlle, 
the detergent action of soap, 86. 
Purdie, Thomas , obituary notice of, 359. 
Purvis, John Edward. See Charles 
Stanley Gibson. 

Pyman, Frank Lee, relation between 
chemical constitution and physio¬ 
logical action in certain substituted 
ami noalkyl esters. Part II., 167. 
the alkaloids of ipecacuanha. Part 
II., 419. 

the relation between chemical consti¬ 
tution and physiological action, 
1103. 

R. 

Rae, William Norman. See Alfred 
Francis Joseph. 

Ramsay, (Sir) William, obituary notice 

of, 369. 

Rao, Basrur Sanjiva. See Francis 

Lawry Usher. 

Ran, Madyar Gopala. See Charles 

Stanley Gibson, and John Lionel 

Simon sen. 

Ray, Prafulla Chandra, mercury mer- 
captide nitrites and their reaction 
with the alkyl iodides. Part HI. 
Chain compounds of sulphur, 101. 
cadmium and zinc nitrites, 159. 
alkaloidai derivatives of mercuric 

l nitrite, 507. 



1132 


INDEX OF AUTHORS. 


Bay* PmfuUa Chandra, and Mantle Lai 
Bey, synthesis of a3-thioerotonie acid, 
510 . 

Bay, Prof alia Chandra , Mamie, Lai Dey, 
and Jnancndra Chandra Ghosh, velo¬ 
city of decomposition and the dissocia¬ 
tion constant of nitrous acid, 413. 

Rayleigh [Lord), the Le Ohatelier-Braun 
principle, 250. 

Read, John , and (Miss) Margaret Mary 
Williams, the action of bromine water 
on ethylene, 240. 

Reilly, Joseph , the resolution of asym¬ 
metric quineprevalent nitrogen com¬ 
pounds, Part I. The salts of d- and 
/-phenylhenzylmethylallylammonium 
hydroxide with d- and Z-a-bromocam- 
phor-TT-solphonic acid, 20. 

Reilly, Joseph, and Wilfrid John Hickin- 
bottom, derivatives of n.-butylaniline, 
1026. 

Report of the Council, 273. 

Robinson, (Mrs,) Gertrude Maud, azoxy- 
catechol ethers and related substances, 
109. 

Robinson, (Mrs.) Gertrude Maud , and 
Robert Robinson, the scission of cer¬ 
tain substituted cyclic catechol 
ethers, 929, 

researches on pseudo-bases. Part II. 
Note on some berberine derivatives 
and remarks on the mechanism of 
the condensation reactions of pseudo- 
bases, 958. 

Robinson, Robert , a synthesis of tropinone, 
762. 

a theory of the mechanism of the 
phytochemical synthesis of certain 
alkaloids, 876. 

Robinson, Robert. See also (Miss) Janet 
Forrest MeGilliway Brown, (Miss) 
Mien Margaret Hindmarsh, Thomas 
Gilbert Henry Jones, (Miss) Annie 
Mary Bleakly Orr, and (Mrs.) Gertrude 
Maud Robinson. 

Rodd, Ernest Harry , the properties and 
constitution of some new basic salts 
of zirconium, 396. 

Rowe, Frederick Maurice. See Arthur 
George Green. 

Royle, Frank Albert. See Arthur Lap- 
worth. 

Rule, Alexander . See John Smooth 
Thomas. 


S. 

Salway Arthur Henry , methyl nonyl 
ketone from palm kernel oil, 407. 
Sastry, Sosale Garalapury. See William 
Arthur Haward. 


Saunders, William Gilbert , obituary 

notice of, 320. 

Scott, Alexander , presidential address, - 

288. 

Sen, Jnanmdra Nath. See PmfuUa 

Chandra Mitter. 

Senter, George , and Gerald Hargrave 
Martin, studies on the Walden in¬ 
version. Part V. The kinetics and 
dissociation constant of 3-phenyl-a- 
bromopropionic acid, 447. 

Seyier, Clarence Arthur , and Percy 
Vivian Lloyd, studies of the carbon¬ 
ates. Part II. Hydrolysis of sodium 
carbonate and bicarbonate and the 
ionisation constants of carbonic acid, 
138. 

studies of the carbonates. Part III. 
Lithium, calcium, and magnesium 
carbonates, 994. 

Simonsen, John Lionel , and Madyar 
Gopala, Ran, the nitration of isomeric 
acetylaniinomethoxybenzoic acids, 
220 . 

Simonsen, John Lionel. See also Charles 
Stanley Gibson. 

Stewart, Alfred Walter , and Robert 
Wright, solvent effect and Beer's law, 
183. 

Stewart, Alfred Walter. See also Alex¬ 
ander Kilim Macbeth, and (Miss) ® 
Elizabeth MacDougail. j 

Still, Charles James. See Henry Wren. J 
Stoddart, Frederick Wallis , obituary | 
notice of, 376. f 

Sudborough, John Joseph , and Jamiat j 
Visidndas Lakhumalani, the displace-1 
ment of sulphome acid groups in? 
aminosulphonic acids by halogen 
atoms, 41. 


T. 

Taylor, John, constitution of the saltsjf 
of N-alkylthiocarliamides, 650. $ 

Thomas, John , separation of secondary/ 
arylamines from primary amines, 
562. 

Thomas, John Smeath , and Alexander 
Rule, the poly sulphides of the alkali 
metals. Part III, The solidifying 
points of the systems, sodium raono- 
sulphid e-sulphur, and potassium 

monosulphide-snlph ur, 1063. 

Tomlins, Henry Philip. See Gilbert 
Thomas Morgan. 

Turner, Eustace Ebenezcr , I. Studies in 
ring formation. Part II, The action 
of aromatic amines on acetylacetone 
and benzoyl acetone, L 



INDEX OF AUTHORS. 


1183 


1L 

Upton, Adolph William Henry. See 
Gilbert Thomas Morgan. 

Usher, Francis Lowry, and Basrur 
SanjivcL Rao, the determination of 
ozone and oxides of nitrogen in the 
atmosphere, 799. 


W. 

Watson, Edwin Roy. See Praphulla 
Chandra Ghosh. 

Werner, Emil Alphonse , methylation by 
means of formaldehyde. Part I. 
The mechanism of the interaction 
of formaldehyde and ammonium 
chloride; the preparation of methyl- 
amine and of dimethylamine, 844. 
tlie constitution of earbamides. Part 
IV. The mechanism, of the inter¬ 
action of urea and nitrous acid, 863. 
Wheeler, Richard Vernon , the influence 
_ of pressure on the ignition of a 
mixture of methane and air by the 
impulsive electrical discharge, 411. 
Wheeler, Richard Vernon , and Allan 
Greenwell, u stopped” ignition, 130. 
Wheeler, Richard Vernon, and Arnold 
Whitaker, the propagation of flame in 
j mixtures of acetone and air, 2671 
: Wheeler, Richard Vernon, See also 
1 Walter Mason, 


Wheelwright, Edwin Whitfield , obituary 
notice of, 377. 

Whitaker, Arnold . See Richard Vernon 

Wheeler. 

Williams, (Miss) Margaret Mary. See 
(Miss) Annie Mary Bleakly Orr, and 

John Read. 

Woodhouse, (Miss) Hilda. See William 
Smith Benham. 

Worley, Frederick Palliser, and Vere 
Rochelle Browne, the hydrolysis of 
sodium cyanide, 1057. 

Wren, Henry , and Charles James Still, 
studies in the phenylsuccinic acid 
series. Part IV. The J-menthyl 
esters of the diplienylsuceinic acids, 
513. 

studies in the phenylsuccinic acid 
series. Part V. The inter-conver¬ 
sion of the esters of r- and meso- 
diphenylsueeimc acids, 1019. 
Wright, Robert, ‘ ‘ spark-lengths ” in 
various gases and vapours, 643. 
Wright, Robert. .See also (Miss) Eliza - 
both MacDougall, and Alfred Walter 
Stewart. 

Wright son, John, obituary notice of, 
378. 

Wykes, Frederick Henry . See Arthur 

Lap worth. 

Y. 

Yarrow, George. See Aquila Forster. 





INDEX OF SUBJECTS. 


TRANSACTIONS. 1917. 

Single organic compounds of known empirical formula will be found in the 
Formula Index, p. 1139. 


A. 

Acids, structure of (Briggs), 261. 
organic, reduction of metallic salts 
by, in presence of oxidising agents 
(DHAE),' 690. 

Address, presidential (Scott), 288. 

Affinity (Briggs), 254. 

Alkali polysulphides (Thomas and 
Rule), 1063. 

Alkaloids, x^y toc ^ em ^ ca ^ synthesis of 
(Robinson), 876. 
ipecacuanha. See Ipecacuanha. 

Alkyl iodides, reactions of mercury 
mercaptide nitrites with (Ray), 101. 
nitrates, compounds of thiocarbamide 
and (Taylor), 657. 

I nitrites, reduction of, to amines 
J (JSTeogi and Chowdhtjri), 899. 

V phosphates, compounds of thiocarh- 
amido and (Taylor), 662. 

is sn 1 y ’cfa, com pounds of thiocarbamide 
"and (Taylor), 655. 

1 thiocyanates, compounds of thiocarb- 
? amide and (Taylor), 659. 

Amines, aliphatic, formation of, from 
f nitrites (Neggi and Chowdhuri), 
:/ 899. ^ 

; aromatic, action of, on acety lace tone 
ami benzoylacetone (Turner), 1. 

Ammonia, structure of (Briggs), 260. 

Ammonium salts, structure of (Briggs), 
260. 

Ammonium chloride, interaction of 
formaldehyde with (Werner), 844. 

Analytical chemistry, modern, advance 
in (Chapman), 203. 

Annual General Meeting, 273. 

Anthra^uinone colouring matters, poly¬ 
hydroxy-, absorption spectra of 
(Meek), 969. 

Arylamines, secondary, separation of, 
from primary arylamines (Thomas), 
562. 

Atmospheric air, propagation of flame in 
mixtures of acetone and (Wheeler 
and Whitaker), 267. 


Atmospheric air, ignition of mixtures 
of acetylene and (Howard and 
Sastry), 841. 

electrical ignition of mixtures of 
methane and (Wheeler), 411. 
estimation of ozone and oxides of 
nitrogen in (Usher and Rao), 799. 

Atomic theory (Scott), 288. 

Atomic weights, table of, 1002. 


B. 

Balance, limitations of the (Blount), 
1035. 

Balance sheets of the Chemical Society 
and of the Research Fund. See Annual 
General Meeting, 273. 

Barley, enzymic hydrolysis of the 
furfuroids of (Baker and Hitlton), 
121 . 

Bases, structure of (Briggs), 261. 

^-Bases, researches on (G. M. and R. 
Robinson), 958. 

Beer’s law, application 0 f, to various 
solvents (Sticwart ami Wright), 
183. 

Boron trioxide, and its hydrates 
(Myers), 172. 

Bromine water, action of, on ethylene 
(Read and Williams), 240. 

Brucine, C 23 H 26 0 4 N 2 . 

G. 

Cadmium nitrite (Ray), 159. 

Calcium carbonate (Seyler and Lloyd), 
994. 

chloride, compounds of acetone and 
(Bagster), 494. 
phosphates (Bassett), 620. 

Caramel, chemistry of (Cunningham 
and DoRitE), 589. 

Caramelan, C I2 H 18 0*. , 

Caramelin. C 2 4H 26 0 13 . 

Carbamides, constitution of (Werner), 

1 863. . 




1136 


INDEX OF SUBJECTS. 


Carbon:— 

Carbonic acid, ionisation constants ot 
(Sutler and Lloyd), 138. 
Carbonates (Sim/Eit and Lloyd), 138, 
994. 

Carbonates. See under Carbon. 
Catalysis (Griffith, Lamble, and 
Lewis), 389 ; (Lewis), 457, 1086; 
(Dhar), 690, 707. 

Catechol ethers, substituted, orientation 
and scission of (Jones andBcmiNsoN), 
903 ; (G. M. and E. Robinson), 929. 
Cellulose, trimethyl glucose from (Den¬ 
ham and Woodiiousk), 244. 

Chemical constitution and physiological 
action, relation between (Pyman), 
167, 1103. 

reactions at high temperatures 
(Lewis), 1086. 

Chromium phosphate (Joseph and Bar), 
196. 

Cinchonidine, 0 1S H 22 0N 2 , 

Coal mines, formation of hydrogen 
sulphide by gob fires in (Drakelby), 
853. 

Cobalt bases (colaltmwiines), isomeric, 
relation between the physical proper¬ 
ties and electro-valencies of (Ds), 51. 
Cocaine, C 17 H 21 0 4 N. 

Codeine, C 18 H 21 0 8 N. 

Colouring matters, absorption spectra 
of (Ghosh and ’Watson), 815. 
Coniine, G S H^¥. 


B. 

Biazo-oxides, internal (dutzophenoI$)> 
constitution of (Mu roan and Tom¬ 
lins), 497. 

Electric discharge through gases 
(Wright), 643. 

Emetamine, C 23 H 36 0 4 ¥ 2 . 


F. 

Perric salts. See under Iron. 
Perrocyanides, crystal form and isomer¬ 
ism of (Bennett), 490. 

Pish liver oil, new hydrocarbon from 
(Chapman), 56. 

Flame, propagation of, the uniform 
. movement in (Mason and 
Wheeler), 1044. 

in mixtures of acetone and air 
(Wheeler and Whitaker), 267. 
in mixtures of acetylene and air 
(H award and Sastry), 841. 


Friedel-Crafts’ reaction, mechanism of 
(Gopisarow), 10, 

Furfuroids of barley, eir/ymie hydrolysis 
of ( Hake r and M ir lton), 121 . 
Furoxans. See isnOxadiaxole oxides, 

0 . 

Gases, electric discharge through 
(Wright), 643. 

electrical ignition of (WHEELER and 
Green well), 130. 

ignition of mixtures of (MoDavip), 
1003; (Mason and Wheeler), 

1044. 

Gas-washing apparatus (Gray), 179. 
Ginger, pungent principles of (No¬ 
mura), 769 ; (Lavworth, Pearson, 
and Hoyle), 777 ; (Lapworth and 
Wyres), 790. 

Gingerol, preparation and properties of, 
and its derivatives (Lapworth, Pear¬ 
son, and Hoyle), 777. 

Gob fires in coal mines, formation of 
hydrogen sulphide by (Drakelky), 
853. , ,y 

H. ' 

Hydrogen sulphide, formation of, by: 
gob fires in coal mines (Drakelby), 
853. 

i. 'wi|| 

Ignition of gases (Wheeler and Green- 
well), 130 ; (McDavid), 1003 ; 
(Mason and Wheeler), 1044. 
Inorganic compounds, structure of 
(Brings), 253. 

Ions, hydration of (Newbery), 470. 
Ipecacuanha alkaloids (Pyman), 419 , 
Iron:— 

Ferric chloride, compounds of ethyl 
etlier ami benzyl sulphide with 
(Burster, Cooper, and Yarrow), 

809. 

1 . 

Lead iodide, solubility of (Denh am), 29. 
sttModide (Denham), 29. 
sw&oxide, preparation of (Denham), 
29. 

Le Cliatelier-Braun principle (Ray¬ 
leigh), 250. 

Lecture, delivered before the Chemical 
■ Society (Chapman), 203; (Pyman), 

1103. 

Linseed oil, effect of, heat and oxidation 
on (Friend), 162; 

Lithium carbonate (Skyler and Lloyd), . 

' 994. ' 
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K. 

Magnesium carbonate (Seyler and 
Lloyd), 994. 

Mercury:— 

Mercuric nitrite, compounds of alka¬ 
loids with (Bay), 507. 
compounds of tliiocarbamides 
with (B1 y), 100. 

Dimercuric dk'iododisulpliide (Bay), 
109. 

Mercury organic compounds :— 
mercaptide nitrites and their reaction 
with alkyl iodides (Ray), 101. 
Mercury, detection of traces of, in toxi¬ 
cology (Browning), 236. 

Metallic oxides, action of sulphur di¬ 
oxide on (Hammick), 379. 
salts, reduction of, by organic acids, 
in presence of oxidising agents 
(Diiar), 690. 

Metals, overvoltage of (Newbery), 470. 
Methylation by means of formaldehyde 
(Werner), 844. 

MethylemefinemefMne, C 32 H 46 O l4 N 2 . 
Methylpsychotrine, C 2fl H 38 0 4 N a . 


N. 

Narcotine, C 22 H. 23 0 7 N. 

Nicotine, C 10 H K N 2 . 

b-Nitroamines, conversion of, into iso* 
j oxadiazole oxides (Green and Rowe), 
t 612. 

Nitrogen oxides, estimation of, in air 
(Usher and Rao), 799. 

Nitrous add, velocity of decomposi¬ 
tion and dissociation constant of 
(RAy, Bey, and Ghosh), 409. 
action of, on urea (Werner), S63. 

( Nitrogen organic compounds, asym- 
\ metric quinquivalent, prepara- 

1 tion of (Meldola, Foster, and 

Brightman), 533, 546, 551. 
resolution of (Reilly), 20. 
o-Nitrosoamines, conversion of, into iso* 
oxadiazoles (Green and Rowe), 612. 
Nitrous acid. See under Nitrogen. 


0 . 

Obituary notices 
Andrea Angel, 321. 

Frederick william Caton, 312. 
Edward Davies, 323. 

Heinrich Debus, 325. 

William Esson, 332. 

Charles George Edgar Farmer, 314. 
John Ferguson, 333. 

John Griffiths, 315, 

David Howard, 342. 


Obituary notices 
Leonard de Koningh, 348. 

Ernest Alfred Lewis, 348. 

James McConnan, 316. 

Cyril Douglas MeCourt, 318, 

Raphael Meldola, 349. 

Hugo Midler, 572. 

Raymond William Nichols, 319. 
Thomas Purdie, 359. 

Sir William Ramsay, 369. 

William Gilbert Saunders, 376. 

Edwin Whitfield Wheelwright, 377. 
John Wrightson, 378, 

Opianic acid, Oi 0 Hi 0 O 5 . 

Optical inversion, "Walden's (Sender 
and Martin), 447. 

Overvoltage (Newbury), 470. 
iso Oxadiazoles, conversion of onitroso- 
amines into (Green and Rowe), 612. 
fsoOxadiazole oxides, conversion of o- 
nitroamines into (Green and Rowe), 
612. 

Oxidation (Dhar), 707. 

Ozone, estimation of, in air (Usher and 
Rao), 799. 


P. 

Palm kernel oil, preparation of methyl 
nonyl ketone from (Salway), 407. 
Phenylazomeconin, C 16 H 14 0 4 N 2 . 
Phenylopiazone, GksH 1 , 1 0 3 N 2 . 
Phenylsuccinic acid series (Wren and 
Still), 513, 1019. 

Phthalonic acid, 0 9 H 6 0 5 , 

Physiological action and chemical con¬ 
stitution, relation between (Pyman), 
167, 1103. 

Piperonal, C 8 II fl 0 3 . 

Polymerisation (Briggs), 264. 

Potassium stannichloride, preparation of 
(Deuce), 418. 

polysulphides (Thomas and Rule), 
1063. 

Front’s hypothesis (Scott), 288. 


Q. 

Quinidine, C 20 H 34 O 2 N 2 . 

Quinine, O 20 H 24 O 2 N 2 . 

Quinones, action of acetaldehyde-am¬ 
monia on (Ghosh), 608. 


B. 

Reduction in presence of oxidising agents 
(Dear), 690. 

Ring formation, studies in (Turner), !, 
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S. 

Soap, detergent action of (Pickering), 

86 . 

Sodium carbonates, hydrolysis of (Seyler 
and Lloyd), 138. 

polysulphides (Thomas and Rule), 
1063. 

Bisodinm nitrite (Maxted), 1016. 
Solvents, application of Beer’s law to 
(Stewart and Wright), 183. 

Spectra, absorption, of colouring matters 
(Ghosh and Watson), 815.. 
of polyhydroxyantliraquinono 
colouring matters (Meek), 969. 
of unsaturated substances (Macbeth 
and Stewart), 829. 

Spinacene, C 30 H 60 . 

Stas, work of (Scott), 288. 

Strychnine, C 21 H 22 0 2 N 2 . 

Sulphonic acids," amino-, displacement 
of sulphonic acid groups in, by halo¬ 
gens (Sueborough and Lakhuma- 
LANl), 41. 

Sulphur dioxide, action of, on metallic 
oxides (HammiCk), 379. 

T. 

Temperature, high, chemical reactions 
at (Lewis), 1086. 


Thioearbamxdes, compounds of mercuric 
nitrite and (Ray), 1.06* 

Tropinone, C s H la ON. 


IT. 

Unsaturated compounds, ah, sorption 

spectra of (Macbeth and Stewart), 
829. 

V. 

Vanillin, C 8 IT 8 0 8 . 

Veratric-B-sulphinide, U u H 0 O 6 NS. 
Veratrole, C 8 H 10 O 2 . 


W. 

Walden inversion (Senter and 
Martin), 447. 

Z. 

Zinc nitrite (R&y), 159. 
sulphide, phosphorescent (Mac- 
Dougall, Stewart, and Wright), 
663, 

Zingerone, C u H 14 0 3 . » j 

Zirconium salts, basic, properties amm 
constitution of (Rodd), 396. 



FORMULA INDEX. 


The following index of organic compounds of known empirical formula is arranged 
according to Ricliter’s system (see Lexikon tier KoMenstof - Verhindungen). 

The elements are given in the order C, H, 0, N, 01, Br, I, F, S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C 2 group, 
0*2 group, etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 

Salts are placed witli the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 

Ci Group, 

CH 4 Methane, electrical ignition of mixtures of air and (Wheeler), 411. 

1 II 

CBN Hydrocyanic acid, sodium salt, hydrolysis of ("Worley and Browne), 
1057. 

;GHftO Formaldehyde, action of ammonium chloride with (Werner), 844. 
CHgO'a Formic acid, kinetics of oxidation of, and its salts (Diiar), 707. 
j CB a N 2 Gyanamide, constitution of (Colson), 554. 
j CH 5 N Methyl amine, preparation of (Werner), 844. 

i 1 HI 

CH 4 ON* 0 arbamide, decomposition of, by nitrous acid (Werner), 883. 
f amide, salts of (Dixon), 684; compounds of alkyl esters 

with (Taylor), 650. 

C 2 Group. 

, C a H a Acetylene, ignition of mixtures of air and (Ha ward and Sastry), 841. 
C a H* Ethylene, action of bromine water on (Read and Williams), 240. 

2 II 

G a H a G 4 Oxalic acid, kinetics of oxidation of, and its salts (Diiar), 707. 

C s H 7 N Dimethylamine, preparation of (Werner), 844. 

2 III 

C 2 H 7 0N Acetaldehyde-ammonia, action of, on quinones (Ghosh), 608. 

2 IV 

C 2 H 7 0aN 3 S Substance, from thiocarbamide and methyl nitrate (Taylor), 657. 

C 3 Group. 

C 3 H 6 0 Acetone, propagation of flame in mixtures of air and (Wheeler and 
Whitaker), 267 ; compounds of calcium chloride and (Bagster), 494. 

C a H fi 02 Methyl acetate, effect of sucrose on the hydrolysis of (Griffith, 
'L amble, and Lewis), T., ■ 390. 

8 III 

C 3 H 7 N 3 S 2 Substance, from thiocarbamide and methyl thiocyanate (Taylor), 659* 
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C 4 Group* 

C 4 HioO Ethyl ether, compound of ferric chloride with (Forster, Cooper, and 
Yarrow), 809. 

4 III 

C 4 H 4 O 2 S oj3-Thiocrotonic acid, ami its salts (BAy and Dev), 510. 


4 IV 


C 4 H c OaIS j 8 -Iodo-aj 8 -thiobntyric acid, silver salt (Bay and Dey), 512. 
C 4 Hj 4 O. 3 N. 1 So S ubsta n ce, from methyl sulphate and thiocarbamide (Taylor), 655. 


C 5 Group. 

CjHgOs Acetylacetone, action of aromatic amines on (TurnsKit), 1. 


C fi Group. 

C c H« Benzene, reaction of phthalyl chloride with (CoriRAROW), 10. 

6 II 

C c H 0 O s Catechol, orientation and scission of substituted ethers of (Jones and 
Robinson), 90S ; (G. M. and R. Robinson), 929. 

C 6 H 8 N 2 Phenylhydrazine, action of, on opianic, nitro-opianio, and phthalonic 
acids (Matter and Sen), 988. 

6 III 

C 6 H 4 ON 2 Benzzsooxadiazole, preparation of (Green and Roave), 618. 

6 IV 

CeHiOiNaS Benzenediazo-l-oxidesulphonic acids, and their salts (Mor¬ 
gan and Tomlins), 501. 

Ph en 0 1-3- and -4-diazoniumsulphonates ( Morgan and Tomli ns), 503. >' 

C 6 H 4 NRr 2 I Dibromoio do anilines (Sudbohough and Lakitumala.ni), 47. j 

C 6 H la 0 4 N. t S 3 Substance, from ethyl sulphate and thiocarbamide (Taylor), 656. 

C- Group. 

C 7 H 6 O g 2 : 8 : 4 : 6 »Tetrahydroxybenzoie acid (*f II a O) (Nierenstein), 5. 

7 III 

C 7 HAN 8 Substance, from diazotisation of f>-nitro-3-aminosalicylic acid (Mel- 
dola, Foster, and Brigiitman), 541. 

CAOAr 4 ; 5 -I)ichlorocatccbol methylene other (Oru, Robinson, and 
Williams), 949. 

C 7 H A 0 2 Bp fi 4:5-1)ibrom 0 catechol methylene ether (.Tones and Robinson), 
913. 

C 7 H s ON 3 FormyLp-phenylonodiazoimide (-f-lJH a O) (Morgan and Upton), 
190. 

C 7 H e 0N 2 5 -Methylbenzwoxadiazole (Green and Rowe), 619. 

€ 7 H 8 0 2 Bp 2 4:5-Dibromoguaiacol (Hindmarsh, Knight, and Robinson ), 1 942. 

C 7 H 7 0 2 Br 5-Bromoguaiacol (Hindmarsh, Knight, and Robinson), 941. 

7 iv ' 

VMMCl Substance, from diazotisation of chloroaminosalicylic acid (Mel- 
dola, Foster, and B eighth an), 543. 

C 7 H<}0 6 N 2 C1 4 -Ghlor o-5:6-d ini tr oca tech ol methylene ether (Ore, Robin¬ 
son, and Williams), 951. , 

€A0 2 C1Bf 4-C h 1 oro- 5 -brom 0 catecliol methylene ether (Ore, Robinson, 
and Williams), 950. ■ 

CyHANCl 4-Chloro-5-nitroeatechol methylene ether (Oru, Robinson 

, ' and Williams), 951. 

. . . 1140 
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C,HANBr 4-Bromo-$-nitrocatechol methylene ether (Jones and Robin¬ 
son), 918,' 

G 7 H 4 O 5 NCI 3-Clil or o-5-nitro salicylic acid (Meldola, Foster, and Bb.igh.t- 
man), 542, 

C 7 H 5 O g N 2 B? 5-Bromo-4:6-dinitroguaiaeol (Hindmalish, Knight, and 
Robinson), 942, 

CtHqOsNCI 3-01iloro-5-aminosalicylic acid (Meldola, Foster, and 
Briohtman), 542. 

C 7 H 6 0 3 NRr 3-Bromo-5-aniiuosalicylic acid (Meldola, Foster, and 
BlUGHTMAN), 545, 

C 7 H 6 0 ( 1 NC1 4>Chloro-5‘Hitrogiiaiacol (Gibson, Simonsen, and Rau), 82. 

C 7 H,0 4 NBr 6-Bromo-5-nitroguaiacol (Jones and Robinson), 917. 

C a Group. 

C 8 H 8 0 5 2*.3:4:6-Tctrahydroxy acetophenone (Niersnstein), 6 . 

C 8 H I7 N Coniine, compound of mercuric nitrite and (Ray), 507. 

8 III 

CAOaCU Phthalyl chloride, reaction of, with benzene (Co pis Allow), 10. 

C 8 H.i0 5 N 2 5*]STitro-3-cyanosalicylic acid (+ H 2 0) (Meldola, Foster., and 
Brightman), 545. 

C 8 H 5 0 3 C1 6 -Chloropiperonal (Orr, Robinson, and Williams), 948. 

C a H 6 0 4 CI 6 -Chloropiperonylie acid (Oi:r, Robinson, and Williams), 948. 

C 8 H 6 Q 8 N 3 4:5:6-T rinitroothylenedioxy benzene (G. M. and R. Robinson), 
935. 

CgH 7 ON Substance, from ,^-beiizoquinoue and acetaldehyde-ammonia (Ghosh), 
611. 1 1 ' 

C 8 H 7 ON 3 Aeetyl-^-phenylenediazoimide (+H 2 0) (Morgan and Upton), 
193. 

C 8 H 7 0 5 N Nitromothoxybenzoio acids, and their salts (Simonsen and Rau), 
224, 

C 8 H 7 O 0 N 0 4 : 5 --Di 3 iitfo« 6 -aininoethylenedioxybenzen 6 (G. M. and R. 
Robinson),■ 936. - 

C s H,OA Hitroaminomethoxybenzoio acids, and their salts (Simonsen 
and Rau), 226, 

C 8 H 8 0 6 N a 3;4-Dinitroveratrole (Gibson, Simonsen, and Rau), 83; (Jones 
and Robinson), 911. 

CaHgOgNa 3:5-Diiritro-2:4-dihydroxy-j6-hydroxyethoxybenzene (G. M, 
and R. Robinson), 938. 

CsHAN Aminoraetlioxybenzoic acids, and their salts (Simonsen and 
Rau), 224. 

p-Rydroxyphenylglyeine, preparation of (Meldola, Foster, and Bhight- 
man), 552. 

CsH 3 0 4 M Nitro-2-ethoxyphenols (G. M. and R. Robinson), 932. 

C a H,0eNa Din i tr o-3-a m in ove rat roles (Ginsotf, Simonsen, and Rau), 79, 81. 

CsHixANa 5-NitrO'3-aminoyeratrole, and its salts (Gibson, Simonsen, and 

: Rau), 75. ' 

6-Ni trover a trylamine (Jones and Robinson), 914. 

c 8 h 10 o 5 n 4 3;5-Diiutro-2;4-diaminophenetole (G. M. and R. Robinson), 934. 

C 8 H 10 0 6 N 4 3:5-Dinitro-2:4-diamino-/3-hydroxyethoxy benzene (G. M. and 
R. Robinson), 936. 

c*h„o 2 n 3-Aminoyeratrole, and its picrate (Gibson, Simonsen, and Rau), 79. 

CgHj,j*0N Tropiuone (Robinson), 762. 
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8 IV 

C 8 H 7 0(5N s Br Bromodiuitrovoratr'oles(J ones and Robinson), 921; (IInsn- 
marsh, Knight, and Robinson), 943. 

CgHsOjNBr 6-B romo-S-nitrovorat role (Jones and Robinson), 917. 

’C 8 Ho 0 7 NS Nitroveratrolesulphonie acid, potassium salt; of (Brown and 
Robinson), 953. 

C 8 Hn0 5 NS 3- and 5-A min o v ora trole-4-sul phonic acids (Brown and 
Robinson), 954. 

c 8 h m o 4 na s ubstance, from ethyl oxalate and fchiocarbamido (Taylor), 661. 

~. 8 V 

C 8 H 6 ONBr 2 I Dibr omoiodoacetanHides (Sudbohotjgh and Lakiiumalani), 
47. 

C 8 H s O e NClS 5-Nitroveratrole-4-sulphonyl chloride (Brown and Robin¬ 
son), 953. 

C 9 Group. 

C 9 H 6 0 5 Plithalonic acid, action of phcnylliydrazme on (Hitter and Sen), 988. 

CgHiflO? Substance, from trimethyl glucose and hydrocyanic acid (.Denham and 
Woobhousr), 248. 

C 9 H 18 0e Trimethyl glucose (Denham and Woodhouse), 244, 

9 III 

C 9 H 8 0 2 N a 5:6-Methylenedioxy~2-methylbenziminazoIe (Jones and 
Robinson), 916. 

c 9 h 8 o 4 n 2 5-Nitro-2:3-dimethoxybenzonitrilc (Gibson, Simonsen, and 
Rau), 76. 

C ft H 8 0 B N 2 5*hritro-4-acetylaminocatechol methylene ether (Jones anfj 
Robinson), 914. \ 

C 9 H 8 0 6 N 3 5-Kitro-3-acetylaminosalicylic acid (Meldola, Foster, and 1 
B nightman), 541. / 

C 0 H s O a Br /6'Phenyl-a-bromopropionic acid, kinetics aiul dissociation con-1 
stant of (Senter and Martin), 447. / 

C 9 Hj)0 3 Bf 5-Bromo-2-methoxyphenyl acetate (IIindmarsh, Knight, amD 
Robinson), 941. 

C n H a O c N M ethyl n .i tro m eth o x y b e nz o a te« (8r m o nskn and Ka u), 229. 

CgHwOttNa 6-Nitro-2-amino-3:4-dimcthoxybenzoic acid (Giiwon, Simon- 
sen, and Bait), 75, . 

CgHnOoBr 6-Bromohomoveratrolc (Jones and Robinson), 919, 

C.H U NA Substance, from thiocarbamide and benzyl thiocyanate (Taylor), 660. 

CftHjtOflNs 5(or 6)-Nitro-6(or 5)-amino-1:2:4-trimcthoxybenzeno (Jones and 
Robinson), 926, 

'C,HiiO b N 4 3;5-Dinitro-2:4-dimethylaminoanisolo (Hindmar.su, Knight, 
and Robinson), 944. 1 

9 IV 

C 9 H 8 0 4 NC1 3-0hloro-5-acetylaminosalicylic acid (Meldola, Foster, and 
Bhightman), 543, , , 

CJELfiM* Bromonitroveratraldehydes (Jones and Robinson), 920, 923. 

C.HANS Veratrio-6-sulpliinide (Brown and Bobinson), 956. 

C 9 H J0 O 4 NBr 6-*Bromo-5-nitrohomoveratroie (Jones and Robinson), 919, 

€ 9 H 18 G 4 NS Homoveratrole-6-snlphonamide (Brown and Robinson), 954, 

C 10 Group. 

C m H 10 O 2 Benzoylaeetone, action of aromatic amines on (T toner), 1 . 

CioH J9 0, Opianic acid, action of plienylhydrazine on (Mitter and Sen), 988. 
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C ;l 0 H ia Og 2 : 6 *Dih ydroxy-3:4-dimcthoxyacet ophenone (Nierenstein), 7. 

C 10 Hi 4 N 2 Nicotine, compound of mercuric nitrite and (Ray), 507. 

C 10 H IS N ra-Butyl aniline, preparation of (Reilly and Hiokinbottom), 1026. 

C i 0 Hk ; N 2 P h e n y 1-w-bu b y 3 h y dr az i n e, and its hydrochloride (Reilly and 
Hickin bottom), 1028. 

j;-Phenylene-?i-butyldiamine, and its salts (Reilly and Hiokinbottom), 
1032. 

10 III 

G ln H e ON s Naphtlmooxadiazole (Green and Rowe), 617. 

CioH(jO a N a Naphth&ooxadiazole oxide (Oree.n and Rowe), 616. 

C 10 H 0 O v N Nitro-opianic acid, action of phenylhydrazine on (Mitter and Sen), 
988. 

C 10 H ip O«N a Acetyl derivatives of nitroaminom ethoxy benzoic acids 
(Bimonsen and Rau), 231. 

c m h u 0 4 n Acetyl derivatives of amino met boxy benzoic acids (Simonsbn 
’ - and Rau), 225. 

OwHiAN Nitropiporonaldimotbylacetal (Robinson), 120 . 

OioHnOnNa Di n i t r o - 3 -a c e t y 1 a m i n o v e r a t r o 1 e s (Gi bson, Simon sen, and R au ), 
78, 81. 

Ci 0 H 12 O 6 N 3 5-Ni tr o-3-ac c tylaminov era t role (Gibson, Simonsbn, and Rau), 
76. 

Acetyl derivative of 6 -nitroveratrylamine (Jones and Robinson), 914. 

C x ,,H m 0 6 N* 4:5-Dinitrocatechol diethyl ether (G. M. and R. Robinson), 
933. 

OxoHiaOaWg jt?-Nitroso-R-l>utylauilinenitrosoamine (Reilly and Hickin- 
bottom), 3 032, 

CioHj 3 O a N 3-A cetylaminoveratrole (Gibson, Simonsbn, and Rau), 80. 

o»h h on, j?-N itroso-»»butylaniline, and its hydrochloride (Reilly and 
Hickinbottom), 1030, 

10 IV 

CioHuOJSfS W»Methylveratric-6*su3phi.iride (Brown and Robinson), 956. 

Ci 0 H 12 O 3 NBf 6 -Bromoacetoveratrylaniide (Jones and Robinson), 912. 

O u Group. 

CjiH 12 0 4 Ethylearbonatovanillin ( Lap worth and Wykes), 792. 

CuHwO* 3:4:6-Trimetboxy-2:5-quinoacetophenone (N ierenstein), 8 , 

G u H h O ; j 2ringerone (Nomura), 769; (Labworth, Pearson, and Royle), 785 ; 
(Lapworth and Wykes), 792. 

C u H w O« Hydroxy trim ethoxy acetophenones (Nierenstein), 8 , 

ChH i 4 0 0 2:5-D ihy dr oxy-3:4:6-trim ethoxy acetophenone (Nierenstein), 8 . 
2;3:4*.6-Tet rani ethoxy benzoic acid (Nierenstein), 6 . 

CuHo*0 Methyl nonyl ketone, preparation of, from palm kernel oil (Salway), 
407. 

11 III 

CnMACl 6“Ghloro-3:4*methylcnedioxystyryl methyl ketone (Orr, 

; Robinson, and Williams), 948. 

G 11 H 12 O 7 N 0 6-Nitro-2-acetylamiuo-3:4-dimethoxy benzoic acid, and its 
silver salt (Gibson, Simonsrn, and Rau), 74. 

CnH w 0 # 01 2:3:4:6»Te tram ethoxy benzoyl chloride (Nierenstein), 6 . 

it IV 

CuHioOgNCl 3*Ohloro"5-diacetylaminosalicylic acid (Meldola, Foster, 
and Brightman), 542, 
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Cis Group. 

C.oHiA Methyl linger one (Nomura), 772; (Lapworth, Pearson, and 
Royle), 786. 

C 13 H 1 b 0 5 T etram ethoxy acetophenone (Nirrenstjcin), 7. 

C^HifOe Methyl 2;3:4:6-tetrainetlioxybeuzoate (Nierenstein), 6 . 

c 12 h 1 s o 0 0 aramelan, preparation and constitution of (Cunningham and 
BoujSe), 598. 

C 12 H ffl 0 u S ucrose, effect of methyl acetate on the inversion of (Griffith, 
Gamble, and Lewis), 390. 

12 III 

C 12 HAiNe 2:4:6:3':5 / -Pe n t a n i t r o-4'-h y d r o x y d i p h e n y 1 a ra i n e (Meldola, 
Foster, and Brightman), 550. 

C J 2 HAN 4 2:4:1-T rinitr o-4'-li ydroxydiphenylamine (Meldo la , Foste u, 
and Brightman), 548. 

Substance, from 2:4:6-trinitro-4'-hydroxydiphonylamine and nitric acid (Mkl- 
dola, Foster, and Brightman), 550. 

C 12 H»O s N 3 2:4-I)initro-4'-hydroxydii>honylamiiie (Meldola, Foster, and 
Brightman), 547. 

C l 3 H n 0 4 N Ethyl a-eyanocaffeate (Lapwortii and Wykes), 798. 

€ 12 H 1 S 0 8 N 3 4:5-Dinitro-3-diacetylaminoveratrole (Gibson, Simonsen, and 
* Rah), 79. 

CiaH^OtfNi Caramelan tetranitrate (Cunningham and DoriSe), 595. 

C 12 Hi 7 0 3 N Me thy lain ge rone oxime' (Nomura), 773 ; (Lapworth, Pearson, 
and Royle), 786. 

Cis Group. 

CigHiaO.j 3,*6:3':6'-Tetra}xydroxydiphenylmethane, preparation of (Ghosh 
and Watson), 825. 

Ci 3 H 16 0 4 Acetylziugerone (Nomura), 772. 

C 13 H 18 0 3 Ethylzingerone (Nomura), 773. 

IS III 

CijHgOEi Benzoyl-jo-phenylenodiazoimide (Morgan and Upton), 195. 

c 18 h 10 o,n 5 p-NitrobenzylLs’opicramic acid (Meldola, Foster, and Bright- 
man), 553. 

CtfHn O 5 N 3 2 :4-D i n i t r o-4Mi ydv 0 xydiph e 11 y 1 inct h y 1 am in 0 (M e ldola, 

Foster, and Brightman), 549. 

C 13 Hi 3 0 4 N Ethyl vanillylidenecyanoucetatc (Lap worth and Wy res), 796. 

C 13 H 21 0 2 N jS-Biethylamino-jS'-phenoxyisopropyl alcohol and its hydro¬ 
chloride (Pyman), 170. 

C w Group. 

C i 4 HhS Benzyl sulphide, compound of ferric chloride with (Forster, Cooper, 
and Yarrow), 809. 

C 14 Hi 8 O s Ethylcarbonatozingerono (Lapworth, Pearson, and Royle), 
785 ; (Lap worth and W yokes), 794. 

14 III 

G 14 H a O 10 N 5 2:4;?:?-Te tran itro>4'-liydroxyacctyldiphenyla mine (Meldola, 
Foster, and Brightman), 549. 

C X 4 H 10 G s N 4 2:4:?-Trinitro-4'~hydraxyace tyldiphonylamine (Meldola, 
Foster, and Brightman), 548. 

CuH M 0 4 » t 4:5i4':5 '-Dime thy lenetetraoxyazobenzenc (Robinson), 113. 

4«H u O«N, Acetyl derivative of 2:4-dinitro-4 / -hydroxydiphenylamin 
(Meldola, Foster, and Brightman), 548. 
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FORMULA INDEX. 


14 III—16 III 


C m H b O,N s Dinit roanilinovoratrole (Hindmaiwxi, Knkuit, and Kouwson), 
944.. " 

CmHmO* Phenylhydrazone of 2:3:4:6-1otrahyd v o xy acetop li eilone 
(Nierenstein), 7. 

c 14 h, 0 o 4 n 2 yS-Diebliylami no ethyl jO-nitrophenylacetate, and its salts 
(Pyman), 169. 

Cx 4 H m O,N| jS-Dicthylaminoefchyl ^-aminopheuylacetate (Pyman), 170* 

14 IV 

C u H 12 0 3 NC1 Chlorobenzylaiainosalicylic acid (Mel do la, Foster, and 
Bill GUTMAN), 544. 

Oi5 Group. 

C 15 Hj 0 O 8 Hydroxy quercetin, synthesis of (Hierenstein), 4. 

C^HuOxo 2:3:4:6-Tetra-aeetoxy benzoic acid (Nierrnstein), 6. 

15 III 

C la H a O„N 3 2-N x t r o-4:5:4':5'-d imethylenetetraoxyazoxybenzen e-S'-c a r b- 
oxylic acid (Robinson), 119, 

C 15 H lo 0 g N 4 Substance, from trinitroaeetylaminophenol and aminosalicylic acid 
(Meldqla, Foster, and Briuhtman), 538. 

Ci S H 12 0 5 Bf 2 5-Bromo*2-methoxyphenyl carbonate (Hindmarsh, Knight, 
and Robinson), 941. 

CisHmOsN Hitro-2-ethoxyphenyl benzoates (G. M. and R, Robinson), 
938. 

Ci 6 H«0 4 N a j>Nitrobonzoyl-p»phenetidine (Pyman), 172, 

C 15 Hu0 6 N 2 5 -Nitro-3-bcnzoylamiuoveratrole (Gibson, Simonsen, and 

Rah), 76. 

c 16 h 14 0,n 4 3:5-1) in itro-2;4-diamino-j3-benzoyloxy ethoxy benzene (G. M, 
and R. Robinson), 937. 

'C 16 H 16 0 3 N 3-Benzoylaminoveratrole (Gibson, Simonsen, and Rah), 80. 

C jg H 16 0 6 N 3 Dinitro-^-toluidinoveratrole (Hindmarsh, Knight, and 

Robinson), 946. 

CisHieOaN* ^Aminobenzoyl^-phenetidine (Pyman), 172. 

Cie Group. 

CisHmOi r- and wm-Biphenylsuccinio acids, interconversion of esters of 
(Wren and Still), 1019. 

16 III 

CuHANt Lactone of 3-hydro acy-5:6:4':5 / -dimethylenetetraoxy»2- 
phonylindole-2 / -carboxylic acid (Robinson), 118. 

C afl H 10 O 4 N a 2:3:6;7-Dimethylenetetraoxyanthraquinonedi-imide (Brown 
and Robinson), 957* 

CusHxoOvNa Azoxypiperonal (Robinson), 117. 

OieH IS O a N a . jt>*Hydroxybenzeueazodihydroxynaphthalenes (Ghosh and 
Watson), 823. 

CjLcHiaOtfN* Substance, from nitration of C 8 H 7 OK (Ghosh), 811, 

; €«H |s 0N 3 o-Aminobenzeneazo-a-naphthol (Ghosh and Watson), 824. 
j^Hydroxybenzeneazo-jS-naphthylamine, and its hydrochloride (Ghosh 
1 and Watson), 824. 

CieHiaOjjN i?-Ritroa cetyl benzoin, reactions of (Francis), 1041. 

CieHiaOeNa Phenylazonitromeconin (Mitter and Sen), 992, 

CicH 13 0 7 N s Diacetyl derivative of 2:4-dinitro-4'-hydroxy diphenyl amine 
(Meldola, Foster, and Brightman), 547. 

C 16 Hi 40 a N 2 Phenylopiazone (Mitter and Sen), 992* 
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16 III-19 III 


FORMULA INDEX. 


C J 6 Hj J , 6 .iNa Phenylazomeconin (Mtttkr and Sen), 991. 

CtoHuOX Substance, from phenylhydrazine and opiauic acid (Mirra k. and 
Sen), 991. 

CirHtoO^Nfl 6:6'-Dinitroazoxyvcrat.role (Robinson), 110. 

C^H^Ns 6-Nitroazoxyveratrole (Robinson), 115. 

CieHxsOsNa Azoxyve rat role (Robinson), 114. 

16 IV 

C 18 H h 0NBp Benzoylacetone-p-bromoanilide (Turner), 3. 

Ci 6 H 16 6 «N 4 S 6 -Nitro veratryl-4;5-t li io triazo v erat role (.Tones and 

Robinson), 925. 

CicH 17 0 5 N 2 Bp 6 -B roinoazoxyveratrolo (Robinson), 315. 

Ci 0 H, 8 0 4 N 4 S 6 -A m i ii o v e r a t r y 1-4 :5-t hiotriazovoratro 1 o (Jo n es and 

Robinson), 925. 

Cx 6 H 22 O. 1 N. 1 S 3 Substance, from benzyl sulphate and thiocarbaiuido (Taylor), 
656’ 

Cu Group. 

C, 7 H n ON 3 Beuzoyl-l:l-naplithylenediazoimide (Morgan and Upton), 
196. ’ 

C 19 H„ 04»1 4-Hydroxy-3-earboxybenzGneazo-i8~naplithol (Meldola, Fos¬ 
ter, and Brightman), 538. 

4:5-Dinitvo-2-liydroxy-l-metlioxy-3*-azo-)8-naphtliol (Gibson, 
Sim on sen, and Rau), 82, 

CtfHigOaNj, Foi‘myl-/ 8 -aminobenzeneazo*) 8 -naphtliol (Morgan and Upton), 
193.“ 

C i ,Hi« 6 4 N 2 8-p-Nitrobenz'oyM-methyl-l;2:3:4-tet rahy dr oquinol in 0 
(Pyman), 171. 

C 1 ,H 1 ,0 2 N 8 -B e n z 0 y 1 0 xy-1 -m ethy 1-1:2:3;4-1e tra liy d r o q 11 i u 0 1 .in e (Fym an), 
171.“ 

C^EnON a- mid Z-Ph enylbenzylmethylallylammonium hydroxide, 
salts of, with bromocamphorsulphonic acids (Reilly), 20 . 

c„h 21 0 4 n Cocaine, compound of mercuric nitrite and (RAv), 509, 

17 IV 

C 17 Hn0 4 N 8 Cl 5 - G h 1 0 r 0 -4 -li y d r 0 x y-3 -c a r b 0 x y b c 11 z e n e a z 0 - n a p h t h 0 1 
(Meldola, Foster, and Blugiitman)? 543. 

Gi„ Group. 

C,hH I2 0, Substance, from anthraquinone and accfcaldebydc-aniinonia (Giion.ii), 
611.“ 

C ia H ls 04 Benzoylzingerono (Nomura), 77l. 

18 III 

C 18 H 13 O 7 N 2 Azoxy veratraldehyde (Robinson), 121. 

CxgH 21 0 3 N Codeine, compound of mercuric nitrite and (RAy), 508. 

18 IV 

C 18 H 2 20 d N 4 Sa Substance, from benzyl oxalate and thiooarbamide (Taylor), 661. 

C w Group. 

C 19 H u 0 6 Trihydroxyanrin (Ghosh and Watson), 826. 

C 19 HX 4 O 7 Trihydroxy-9-o^-dihydroxyphenyl-6-fluorones (Giiohh and 
Watson), 828, 

19 III 

C 19 H 12 0 S C1 2 Di-6-chloromethylenedioxystyryl ketone (On ft, Robinson, 
and Williams), 948, 

C 19 H 2 20N 2 Cinchopidine, compound of mercuric nitrite and (RAy), 508, 
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FORMULA. INDEX. 


20 11- 23 III 


Go,, Group. 

CffloHyaO? 2-IIy<h*oxy«3:4:6-tvim(*.tlioxyplionyl ^Rdimethoxysty ry f ko¬ 
to ne (Njruissnstjbin), 8. 

5:7iSNiteR-Pcn tain ethoxy fl a vn n o ne (Nibumnmtmin), 9. 

CaoHawN.! Dipheny ldi-R-butyltet;raz one (RisrLLY and UioiUNB jttom), 1080. 

20 Hi 

C. 0 H ri O ( ‘N Dibeuzoyl derivative of nitrocatechol (0, M. and R. Robinson), 

935 . 

CanH^ON Benzoylacefcone-a- and -#-naphthalid oh (Turner), 8. 

Co 0 H ai O H N 3-ns‘o N i t r o s o-5 ;7 :S:3':4'-p enta in ethoxy f l a vaitone (1ST IE REN» 

stein), 9. 

C 20 H 21 O 2 M 2 Qu ini dine, compound of mercuric nitrite and (Ray), 507. 

Quinine, compound of mercuric nitrite and (Ray), 507. 

C 20 H 2ri O a N j8-J)iet h y I a m i n o-/3 / -p h e n o x y iso p r o p y 1 b c u z o a t (3, and its suite 
(Pyman), 170. 

20 IV 

C a oHinO,jN a BF* Dibroinotetramethoxy indigo tins (Jones and Robinson), 

m, m, 

Csi Group. 

CjiHxa0 3 N. 1:2-Motliylenadtoxyphonantliraphonai5iue (Jon km ami 
Robinson), 927. 

GaiH 3fi O s N jp«Nitrobe uzoylbenzoin, constitution and hydrolysis of (Francis), 

i o 13. 

C M H 18 0 4 N a CyanodUiydroberborine (G. M. and H. Robinson), 960., 
CaiHujOaN 5-1) ibe nzy lam ino sal icy lie acid (Mkldola, Foster, and 
Reigijtman), 537 . 

C 21 H 2 oOf;N a Anhydroberberinenitrome thane (G. M. and R. Robinson), 
968. 

C.iH ai 0 B N Mcthoxydihydroberberine (G, M. and R. Robinson), 967. 
C 21 H 22 O a N 2 Strychnine, compound of merotmo nitrite and (R1 y), 508. 

; ' y 21 IV 

€ 2 iHn0 2 N 2 Cl 4-0.h 1 oro-l:2-methyleuedioxyplienanthraphenazirie 
(Ore, Robinson, and Williams), 951. 

C 22 Group. 

c m h. m 0 8 2-Acetoxy-3:4:6-trinxethoxyphenyl 3;4-dimet boxy sty ryl ke¬ 
tone (Nierenstein), 9. 

22 III 

CgzHuO'iN* 2:3-E t hyl en edioxyphe nan thrapheua zinc (G. M. and R. 
Robinson), 985. 

C 22 H 2 1 0 ;i N 2-0 a rboxy-4-dibenzylmethylammoniu m-l-b enzoquino n e 
(Meloola, Foster, and Brightman), 538. 

CURL NS Tribenzylsulphinium cyanide, and its salts (Forster, Goo per, 
in ," and Yarrow), 813. 

.'CjjgHggOyN Narco tine, compound of mercuric nitrite and (Ely), 508. 

22 IV 

CggHiftOgNsBr 4-B romo-l:2-dimethoxyph.enanthraphenazine (Jones and 
Robinson), 928. 

C 23 Group. 

Ot&vflJSt Trimethoxyphenanfchraphenazines (Jones and Robinson), 

' 92 Si 
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23111-30IV 


FORMULA INDEX. 


' C “ H S 

0„H u ON, 4-Hydroxyjnalacliite-green (Ghosh and Watson), 820. 

2 : 4 ’ DiIi y dro xyniala(!]iite-grGen (Ghosh and Watson) 820 
Watson)!^ 827J 1 d * & m * n ^ p o x y p h e n y 3 x a n t h e n e (G hosh * and 

Brucine, compound of mercuric nitrite and (Ray), 509. 

Cjm Group. 

C24H 26 0 13 Caramelin (Cunningham and Boh ice), 602 . 

24 III 

G M H a „O a N 2 2:3-Diethoxy phenantkraphenazine (G. M. and It. Robinson), 
C ai H 2 i 0 6 N Dipiperonylidouetropinon e (Robinson), 765 , 

C ,» 0 Group. 

^ H ^wuV. apl, * nyl,net . h ‘” M ' oarboxyI,e aoid ’ and its salts (° 0M - 

C 28 H 32 0 4 Menthyl hydrogen dipbenylsuccinates (When and Still), 521. 

Cas Group. 

CosHjsObNs 3:4-Di-p-nitrotet raphe nylfuran (Fhancis), 1039 . 
r n n v , Azox yP i Peroua! diphenylhydrazone (Robinson), 118. , 

o 2 sH 25 U 6 N Anhydroberberineacetopheuone (G. M. and R. Robinson), 968. \ 

C M Group. 

CwHj.OiNj Emetamine, and its salts (Pitman), 442. 

CsaHjaOjNj Methylpsychotrine, and its salts (Pyman), 431. 

Cso Group. 

C 30 H 50 Spiuaeene (Chapman), 56. 

30 II 

C, 10 H 2< N 4 Hydra zone of substance, 0 ls H la 0 2 (Ghosh), 612. 

^soH BO Bp la Spinacene do&ecabromide (Chapman), 03 # 

30 III 

Cj 0 H 2 £ O 4 N 2 Benzoyl derivative of 3-dimethylam ino-9-o-p-dihvdroxv- 
phenyl- 6 -dimothylflnorime (GnosH.and Watson), 28. ^ y y 
CjoHmOsN, Benzoyl derivative of 3:6-tetramethyldiamino-9-»-hvdroxv- 
phenylxanthene (Ghosh and. Watson), 827. ^ yaloxy 

C3oH and l^ruiE)“597 tan C *’ fl '° m caratnelaB aad P he “y«»ydra Z ine (Cunningham 

CaoH Uo»fiE) J^ bstance ’ from oaramelan and phenylkydmine (Cunningham and 

Methyl emetine, and its salts (Pyman), 444. 

C S oH bo 0 12 N 6 Spinacene nitrosate (Chapman), 67, 

30 IV 

CsaHfioOaNsCla Spinacene trinitrosochloride (Chapman), 64. 

CsoHsoOfiNeCIe . Spinacene liexanitrosocbloride (Chapman) 66 
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Ii'OltM CUA 1NNKX. 


32 III.51 III 


C :a Group- 

C ;i ,H 2B 0 2 Ne .1 > (he ii any 1 iso p i*o py lid e u t* he n /i tli u o (Turner), 4 . 

C,M U Q 4 N a MulUyl<sm<.d;iuoiu«fih hits, and its salts (Pvman), 445. 

C M Group. 

CwHaO,, a:3s4nJ-T idrahenzoylo xyhenzoiu a aid (Nikurnstrin), 6. 

35 IV 

C :ir) Hi;<)0;>Mfik Spinacene dinilrosoehloride nitrolpipcridide (Chap¬ 
man), 65. 

C M Group. 

C ;1 (jH fi o0 4 Dimethyl diphnny Isucoinates (When and Still), 520. 

36 III 

CaaRuOnN* Bonzoy 1 methyl psycho trine (Pyman), 436, 

C;j G H 4 4 0 r ( K 2 Itenzoyhwcmwtiiie (Pyman), 430. 


C s7 Group. 

Ct^H^OaoNa Substance, from caramelan and semiearbazide (Cunningham and 
DokiSe), 598. 

37 IV 

C, ; H rjH O a N 4 CI a Spinacene dinitrosoch,loride nitrobenzylamide (Chap¬ 
man), 66* 

C 40 Group. 

C 40 H 34 O 13 Caramelan tetrabenzoate (Cunningham: and DoEfts), 595. 


C« Group. 

C.isHsoOaNs Spinacene trinitrolpiperidide (Chapman), 65. 

i p'-H 

C 5 iH 74 0i,Ng Spinacene trinifcrolbenzylamide (Chapman), 66. 
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E It it AT A. 


Pw 

17 
• 42 
68 


104 


107 

168 


243 

260 

267 

fill 


650 

655 


791 

828 

905 

908 

946 

1070 

1087 


Line 

24 

2 

12* 

15 


11 * 

1 


15* 

13* 

15 

7* 


Yol. III. (Trans., 1917). 


for “diplienyphthalide ” read “ diplienylphthalirie.’* 

,, “hydroyl ” read “hydroxyl.” „ 
n “ Y?.iYr>a ” read ( 1 C 30 H 6 2. 5J 

"HglSKV SHgNO* ” 4 *HgHO a HgNO a ’ 

„ —S-8 'S'HgNOj read — S-.4'S-HgS0 3 

i i i 


|S"0j" •NO ; jO - Hg 


:NO a NO'iO'Hg 
“Hg = 6-14” read “Hg = 69‘H.” 

“devoidof local autosfchotic properties (compare S. Kriiukel, ‘Die 
Arzneimittel-Synthese,’ 1912, p. 349), but” read “having local 
anaesthetic properties in a lesser degree (Ehrlich and Eiuhorn, 
Her., 1894, 27, 1870), and.” 

“water” reatl “oxygen.” 

m o “H 3 N-» -,p, ” 

h 3 n 

h 3 n -,Co(r p ' 
h 3 n -> 01 

(VII.) 

“KPV 

‘CH 2 *0 — o-co ” 

‘ <cr 


H'w^ 4 .J=or " 

H*N ->00^2 rmd 
HgN -> ' Ul 
(VII.) 

'\0jg**y reetd 
4 ‘ GH 3 *C ~ 0*00 "read 


S/ 
HflfCI 


fl/ 
HgCI 


10 

13 

y* 

1* 

16 

4* 

16 


7 >Ji read the percentages of primary amine at the foot of Tig* 2 in reverse 
order, i.e, “7, 0, 5, 4, 3, 2, 1, 0.” 

1 for ‘ ‘ s-/l lliudtlidoearUmides ” read “ S~dlh/l(MoctirhamMev. ” 

H* „ u C ll I^ 14 0 4 ^^ Jl S.Y , recul ‘‘C^O^V’ 

“ GH sOAcsCO,Kt ” 4 4 OH :OAc -CO-Et. 51 

/\ /\ 

| |OMo reatl I |OMo 

\/ \/ 

OH OH 

"C»H«0,N*”- read “C u0 H a6 O, t N 2 .” 

“mso/Noho” „ , “mcoAcho 

MeOl JlVIe ,ma MeO[ JHt 


CII 2 < 


/Vo. ”, 






read 


oh .<gQsr§: 

,, {c displaement ” read * e displacement” 

,, u perdasulph ate ” read u pentamlpkidc 
,, (t 156*3 p” read u 156*3 g/A.” 


* From bottom. 
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